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use 
YORK DEMISTERS* 

to solve 

pollution problems 


AND RECOVER 


YORK Demisters are successftlly 
being employed for pollution con- 
trol in many applications. Listed 
below are a few typical examples. 


In evaporators, to keep solution 
carried by entrainment from going 
overhead to the condenser system 
and causing stream pollution. In 
practically all cases the value of 
additional product recovered more 
than pays for the installation in a 
short time. 


In scrubbers and absorbers, Dem- 
isters prevent carryover of liquid 
products which constitute a plant 
nuisance and contribute to pollution. 


In tail gas stacks, Demisters stop 
carryover of such products as liquid 
sulfur from sulfur recovery Fees 
sulfuric acid mists, chemical solu- 
tions, chemicals from dissolving 
tanks and recovery furnaces, etc. 


To alleviate plant nuisance problems 
arising from water cooling towers. 


Available in stainless steel and all 
other materials of construction. 


York engineers will be happy to 
recommend the solutions to your 
problems. Details on any application 
will enable us to make intelligent 
and complete recommendations. 


Send for Bulletin 21. 


OTTO H. YORK CO., INC. 
© CENTRAL AVE. WEST ORANGE, J. 
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Petroleum in America 


AMERICAN PETROLEUM REFINING, 
H. S. Bell, D. Van Nostrand Co., Inc., 
Princeton, N. J. (1959), 538 p., $12.50. 


This book is the fourth edition of 
the very well known work by H. S. 
Bell on the American petroleum refin- 
ing industry. In the preface to this 
latest edition the author states that 
it is the purpose of his book “to pro- 
vide a concise summary of the tech- 
niques of petroleum refining in its 
many and varied phases, . . . Papers 
and articles in the technical press 
have become numerous, and, in fact, 
entire volumes have been written on 
subjects covered by a section of this 
book. The purpose of this volume is 
to combine this information, and to 
make it readily available to students 
and to the executive, engineer, or 
employee of the industry seeking up- 
to-date facts.” 

This book does indeed present, in a 
concise but very sketchy manner, the 
various aspects and processes of the 
petroleum industry. When one con- 
siders that the book contains only 
538 pages, it is obvious that only a 
very brief discussion can be devoted 


The catalytic cracking unit is one of the hearts of an oil refinery. This Orthofiow 
cracker is at the Ponca City, Oklahoma, refinery of Cities Service. 
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to any one of the very many 
processes and engineering considera- 
tions that go into the arrangement 
and design of a modern refinery. 

Those sections of the book devoted 
to the engineering principles, and 
physical and thermodynamic proper- 
ties of materials encountered in refin- 
ery engineering, are so sketchy and 
simplified that they are of practically 
no value to the engineer who is 
actively engaged in the operation or 
design of petroleum equipment, The 
material and discussions would be of 
most use to technicians and operators 
whose formal education in physical 
chemistry is very incomplete. For 
those people the descriptions and dis- 
cussions, combined wi the literature 
references cited, would be sufficient 
as a preliminary to a more compre- 
hensive study of the subject matter. 
As an example, there is no discussion 
of the quantitative deviations from 
perfect-gas laws or ideal solutions, 
nor is any information given on the 
deviations of mixtures of materials 
from the properties of single compo- 
nents. 

The information presented with 


flow sheets on the various processes 
used in the petroleum industry is an 
excellent survey and summary con- 
cisely presented. Operating condi- 
tions, throughputs, and yields covered 
here should be very useful to the 
executive who desires only approxi- 
mate figures for qualitative compari- 
sons. The discussion in the back of 
the book on the factors pertaining to 
the storage of oil, evaporation losses 
and fire protection, is valuable and a 
handy reference for those not normal- 
ly engaged in this facet of the indus- 


Uninformed readers may also be 
somewhat confused by typographical 
errors which appear in various places. 
The reviewer, without too close a 
scrutiny, found several instances 
where authors’ names and compounds 
are misspelled. 


Reviewed by Leo Friend, Associate 
Director of Chemical Engineering, 
The, M. W. Kellogg Co., New York 
17, N.Y. 


THE ENGINEERING INDEX—1959, 
Edited by Carolyn M. Flanagan et al., 
Seventy-fifth Edition, The Engineering 
Index, Inc., 29 West 39th Street, New 
York, 18. 1600 pp., $70 postpaid. 


Publications of engineering, scien- 
tific and technical societies; engineer- 
ing and industrial periodicals; and 
reports of government bureaus, engi- 
neering experiment stations, univer- 
sities, and other research organizations 
are reviewed. Not necessarily all 
articles contained in these publica- 
tions are indexed. Selection is made 
on the basis of articles dealing with 
the art and science of engineering. 
Articles on pure science, economics, 
commerce and trade, editorials, news 
items, notices of meetings, trade 
announcements, and the like, are in- 
cluded only if these are considered of 

rime importance. The Engineering 
Stes contains a 12 page list of tech- 
nical publications received by The 
Engineering Societies Library and re- 
viewed by The Engineering Index. 96 
pages are devoted to an authors 
index. Of the 1700 technical publica- 
tions reviewed, 679 come from 44 
foreign countries and the balance 
from the U.S. Following is a list of 
the foreign countries from which the 
publications come: England, 218; 
Germany 89; France 58; Canada 34; 
Japan 26; USSR 41; Australia 23; 
Belgium 23; Sweden 23; Italy 18; 
Switzerland 18; India 17; The Nether- 
lands 14; Austria 12; Argentine 11; 
Poland 11; South Africa 11; Den- 

continued on page 8 
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Pilot Plant Facilities 
and experience can 
help you find the 


pilot plant facilities are availi- 
able for determining heat transfer 
coefficients on unknown materiais. 
Typical evaporator-crystallizer unit 
at right provides valuable data for 
design of processing equipment. 


In the design of heat transfer units, such as multiple effect 
evaporators and crystallizers, there is no substitute for exper- 
ience and equipment. This is why so many companies with heat 
transfer problems bring them to CB&I. 

Here, CB&I’s expert chemical engineering staff—using pilot 
plant facilities—tackles each problem on an individual basis. 
The result: custom-designed heat transfer equipment to meet 
specific requirements. 

It will pay you to investigate CB&I’s coordinated services— 
engineering, fabrication and erection—which form a single source 
and responsibility for guaranteed heat transfer equipment. Write 
today for details. 


Cuicaco Brioce & Iron ComPANY 


332 SOUTH MICHIGAN AVENUE 
CHICAGO 4, ILLINOIS 


CBai Engineered 
Equipment includes: 


Crystallizers 
Evaporators 
Flash Evaporation Systems 
Condensers 
Vacuum Dryers 
Reboilers 
Vaporizers 


Boiler Feed 
Water Equipment 


Custom-Made Heat 
Transfer Equipment 


OFFICES AND SUBSIDIARIES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


For more information, turn to Data Service card, circle 
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IF YOU BUY EXCHANGERS 
. . . IFC serves your industry in the quality production 
of shell and tube heat transfer equipment. 
‘Here is abundant engineering knowledge with guar- 
anteed performance. IFC experience ranges from 
non-ferrous to high alloy steels, from high pressure to 
vacuum service, from high temperature to low temper- 
ature, from the ordinary design to the intricate. IFC 
provides technical and manufacturing assistance — 


when and as you need it. 


INDUSTRIAL FABRICATING COMPANY 


P. O. BOX 4556 TULSA 3, OKLAHOMA 


For more information, turn to Data Service card, circle No. 108 
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mark 9; Spain 7; Czechoslovakia 5; 
Mexico 4; Peru 4; China 3; Brazil 2; 
Finland 2; New Zealand 2; Norway 
2; Portugal 2; Rumania 2; Scotland 
2; The Philippines 2; Venezuela 2; 
Yugoslavia 2; Chile 1; Cuba 1; Greece 
1; Hungary 1; Iceland 1; Ireland 1; 
Israel 1; Pakistan 1; Turkey 1; Uru- 
guay 1; and Wales 1. 


PROCESS EQUIPMENT DESIGN, L. E. 
Brownell and E. H. Young, John Wiley 
and Sons, Inc., New York, N. Y. (1959), 
408 p., $19.50. 


This book is a notable contribution 
to engineering literature, putting 
under one cover the most compre- 
hensive theoretical and practical 
treatment of vessel design yet avail- 
able, It is useful: 

1. To the student as a text giving 
the theoretical basis for vessel design 
as well as a sound coverage of indus- 
trial practices. 

2. To the vessel designer as an 
excellent reference for empirical and 
approximate methods for stress condi- 
tions which cannot be covered by 
code. Alternate methods are given 
where merited. 

3. To the engineer concerned with 
selecting the most economical vessel 
design. 

The first 12 of the 15 chapters de- 
velop in a logical sequence funda- 
mental relationships on which many 
code specifications are based. Chapter 
13 deals entirely with code practices. 
Chapters 14 and 15 deal with consid- 
erations of design beyond the ASME 
Code (high pressure monobloc and 


multilayer vessels) . 


Reviewed B. B. Kuist, manager 
of projects, Fluor Corp., Ltd., 
Los Angeles, Calif. 


AN INTRODUCTION TO RADIATION 
COUNTERS AND DETECTORS, C. C. H. 
Washtell, Philosophical Library, London 
(1960), 115 p., $7.50. 


It is well to emphasize the word 
“Introduction” in the title of this 
book. The author indicates that this 
book will be followed by a compre- 
hensive presentation in a volume en- 
titled Nucleonic Instrumentation. The 
book contains 108 pages, the first 
thirteen of which are concerned with 
the history and di of radio- 
activity together with a simplified 4 
ture of atomic structure. Twenty-four 

continued on page 10 
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“PROPER PROTECTIVE COATIN 
IS PART OF THE DESIGN 


The modern préduct designer recognizes that his responsibility doesn’t end 
until the product's finish has been specified. This is especially important when 
new machinery or equipment is destined for operation in areas where 
exposure to acids, corrosive fumes or high humidity may be a factor. 


That’s why more machinery and process equipment manufacturers are using 
Tygon* Protective Coatings. They find that Tygon, in one or more of 

its easily applied formulations, gives their products extra value, greater 
salability—provides the longer-lasting protection new equipment deserves. 


HERE’S HOW TYGON CAN HELP YOU 


No one coating solves all corrosion problems. But in the Tygon family 

of coatings there’s all the help you need to provide the special protection your 
product may require to assure long-term, “customer-satisfying” performance. 
Informed of the corrosive conditions your machinery or equipment may be 
expected to encounter in the field, we will be happy to analyze your 
coating requirements without obligation, and recommend the best and 
most economical coating for your specific application. This may be one 

of the well-known Tygon vinyl-based formulations, or perhaps a 

Tygon epoxy type coating will be best for the job. 

Whatever your requirements, we can help you plan and execute a 
coatings program that sends your product to market properly protected 
for the job it is designed to do. 


\f your corrosion problems. Write 
PLASTICS & a for Bulletin 760 today. 

Sou’ 


DIVISION 
ane AKRON 9, OHIO *Tygon is @ registered Trade Mork of the U. S. Stoneware Co. 
For more information, turn to Date Service card, Circle No. 123 
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SEE OUR CATALOG 


REFINERY 
CATALOG 


P O BOX 3217 


PHONE Gi 17-5545 


SMITHCO, whose only business 1s 
air cooled heat exchangers, has filled 
973 separate orders since 1951. We 
hope you'll pardon us if our pride 
shows a little, but we believe our nine 
year record of continuous growth de- 
serves your attention 

During our brief history we have 
seen air cooling evolve from an ex- 
periment to an exact science. First we 
cooled water, then gas. As we gained 
experience and know-how, we success- 
fully met and overcame the problems 
involved in the cooling and condens- 
ing of light hydrocarbons. Today, 
SMITHCO is able to apply air cooling 
to any material that will flow through 
tubes. 

One prominent reason for the 
wide acceptance of our coolers is the 
Molecular Bond fin tube. SMITHCO 
is the only builder of industrial air 
cooled heat exchangers that provides 
this unique engineering feature which 
furnishes an uninterrupted metailic 
thermal path for flow of heat from 
the inside of the tube to the outer- 
most edge of the fin. 

When cooling problems arise, why 
not put our nine years of progress to 
work for you? SMITHCO has the facili- 
ties and engineering ability to pro- 
duce a complete range of air cooled 
heat exchangers from the simole 
water cooler to the most complicated 
process coolers and condensers. 


Combination Itso-stripper Recycle Condenser and 
Debutanizer Condenser in a Western Refinery. 


SMITHCO 
ENGINEERING INC 
TULSA, OKLAHOMA 


Rubber 
Lined 
Tanks 


Write for complete information: 


® The Gates Rubber Company Sales Division, Inc. 


Gates lines tanks with a 
wide variety of rubber 
and plastic compounds 
for safe storage of 
most corrosive liquids. 


Low cost... 
Fast delivery 


The Gates tank plants 
in Sioux City, lowa, and 
Denver, Colorado, spe- 
cialize only in corrosion 
protection. As a result, 
tanks can be lined with 
unusual speed and at 
low cost. Immediate de- 
livery on many popular 
models carried in stock. 


Denver 17, Colorado 


For more information, turn to Data Service card, circle No. 111 
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pages are devoted to the listing of 
characteristics of counters and detec- 
tors that are available from several 
British manufacturers. These tables 
are of limited use in the United States 
since no products of American firms 
are listed. The material devoted to 
discussion of counters and detectors 
is treated only in a qualitative 
manner. 

Persons who have had no experi- 
ence with counters or counting equip- 
ment, or persons who have had some 
experience with a particular type of 
counting equipment, will the 

easy to read. The reader will 
learn something about the physical 
appearance of the detectors, some of 
the techniques of construction, how 
detectors compare with one another, 
etc. Probably the most important re- 
sult that can be obtained from stud 
of the book is a familiarization wi 
nomenclature commonly used in de- 
scribing detectors and counters. 

There is no doubt that new uses 
for these instruments will continue to 
be found in chemical fields, including 
production and research. The possible 
uses in the chemical fields are virtu- 
ally limitless. Unfortunately, this book 
will seldom answer questions for a 
chemical engineer who is faced with 
a problem that may have a solution 
in radioactive techniques. It may give 
him the vocabulary necessary to 
communicate with others concerning 
his problem. The book contains no 
references to assist the ambitious 
reader to expand his knowledge. 

In summary, this book may be 
easily read by the novice who seeks 
information under the classification 
“general knowledge”, but it is not 
useful as a reference book, nor does 
it measurably aid in the solution of 
specific problems. 


Reviewed by Richard C. Bailie, 
Dept. of Nuclear Engineering, Kansas 
State University, Manhattan, Kansas. 


ENGINEERING STATISTICS, Albert H. 
Bowker and Gerald J. Lieberman, Pren- 
tice-Hall, Inc., New York, N. Y. (1959), 
585 pp., $11.00. 


Statistics and statistical methods 
are becoming more and more impor- 
tant in the work of many chemical 
engineers. Universities have been 
recognizing this need by iding 
additional courses in the field. Engi- 
neering Statistics, as the author's pref- 


continued on page 12 
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IN |-R COMPRESSORS, 
TIME TELLS 
THE DIFFERENCE 


This I-R non-lubricated compressor has operated 


34,640 HOURS 


with original wear ring—and still going strong! 


In July, 1950, a prominent manufacturing com- 
pany purchased an Ingersoll-Rand ES-NL non- 
lubricated compressor to supply oil-free air for 
its Cincinnati plant. At this writing, the unit has 
operated for 34,640 hours, at an average of 70 
hours per week, with the original piston and wear- 
ing ring — and it’s still going strong. 

The piston compression rings were changed 
once, during routine inspection in 1955. 

It takes a special breed of compressor to with- 
stand thousands of hours of continuous service 
without lubrication of any kind. It’s one of the 
toughest jobs a machine is asked to do, and de- 
pendability is the first requirement. Of course, 
many different factors determine the life of non- 
lubricated equipment — condition of gas handled, 
pressures, operating practices, type of service — 
but you'll find that Ingersoll-Rand NL compres- 


126A) 


Ing 


The World's Most Comprehensive Compressor Experience 


sors have the best reputation for dependability in 
all kinds of jobs. 

Ingersoll-Rand introduced the non-lubricated 
compressor principle in 1933, and today builds 
the widest range of types and sizes. The Ingersoll- 
Rand air-cushioned NL Channel Valve is the only 
valve designed specifically for non-lubricated 
operation. Ingersoll-Rand NL compressors have 
a number of other exclusive Extra-Value features, 
and each unit is engineered for its specific job. 

You'll find that I-R is best prepared to handle 
your compressor requirements, with the most 
complete line of compressors — in reciprocating, 
centrifugal, rotary and ejector types. There are 
units from % to 20,000 hp, for pressures from 
one micron to 35,000 psi. Call your I-R man 
today for help on your job. 


ersoll-Rand 


11 Broadway, New York 4, N. Y. 


For more information, turn te Data Service card, circle No. 78 
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Low-Cost Cooling 


T the famous brewery of D. G. 

Yuengling & Son, “Brewers Since 
1829,” in Povtsville, Pa., it was desired 
to reduce the cost of cooling wort to 
the absolute minimum . . . and so the 
double-pipe wort cooler shown at 
right below was replaced with the 
Chester-Jensen Piate Heat Exchanger 
shown above. Result: 


Reduction in cooling time, using 
50% chilled water only instead of 


water and brine. 


Reduction in refrigeration load 
50% (37°-38° chilled water to cool 


180°-190° wort to 50° at 208 


bbls. /hr.) 
Reduction in floor space occu- 
pied by cooler. (Installation re- 
leased some 600 sq. ft.) 

Chester-Jensen Plate Heat Exchangers 
can heat and/or cool . . . often largely 
by regeneration . . . almost any pourable, 
homogeneous liquid with comparable econ- 
omy . . . often achieving still higher effi- 
ciencies. Write for information on your 
problem. 


Assured 


Chester-Jensen Equipment Is Built Entirely In U.S.A, 


CHESTER-JENSEN COMPANY 


347 Tilghman St. 
(Dept. S) 


CHESTER, PA. 


INCORPORATED 


Specialists in Stainless Steel Industrial and Food Equipment 


For more information, turn to Data Service card, circle No 103 
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ace states, is intended as a text for 
a first course in statistics for students 
in engineering and the physical sci- 
ences, This book would be a good 
text for the student desiring a reason- 
able mathematical foundation without 
going into theoretical detail. A good 
text for course work, however, is not 
necessarily a good book for the chem- 
ical engineer, who, long out of col- 
lege, does not have tutorial services 
available. In this case the language, 
logic, and clarity of the text become 
more important. It is from this view- 
point that this review is written. 

In general the descriptive text is 
clear and concise. Many practical 
examples, framed in engineering con- 
texts, are presented. The text covers 
the major subjects usually found in 
introductory texts and includes the 
development of distributions and the 
notion of probability statements; hy- 
pothesis testing and estimation; analy- 
sis of variance; and sampling proce- 
dures. This book is a worthy addition 
to the library of a reader who plans 
to pursue seriously a_ self-education 
plan, or who can use the many com- 
puting formulas and curves presented. 

The development of probability dis- 
tributions is done in a logical fashion 
with early introduction of measures 
of central tendency and variance. To 
comprehend fully the details of the 
several probability distributions dis- 
cussed, the reader may well have to 
review his long neglected text from 
elementary calculus. However, this 
book has divided sections with “de- 
tailed or difficult mathematical argu- 
ments”. The omission of these sec- 
tions does not destroy the continuity. 
However, if these sections are omitted, 
certain statements must be accepted 
on faith. 

One of the most outstanding fea- 
tures of this book is the early intro- 
duction and extensive use of Operat- 
ing Characteristic (OC) Curves. 
These curves graphically convey the 
concept of the two types of statistical 
errors. (Type I and II errors, y and 
B risks). Development of optimum 
decision rules is based on this frame- 
work. 

Quality control and sampling pro- 
cedures are included with a complete 
section of sampling tables. Sequential 
sampling is briefly described. 

Reviewed by R. V. Kahle, Opera- 
tions Research Section, Esso Research 


and Engineering Company. 
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Tue Prosiem: rush quotation for heat exchanger 
to potential customer. Determine best heat ex- 
changer vs. cost combination. Perform necessary 
computations to obtain values for total surface 
area; total number of exchangers; area/exchanger; 
velocity and pressure drop—shell and tube; film 
coefficient; log mean temperature difference; over- 
all transfer rate; clean rate; overall fouled rate; 
surface actually required; duty; price. 


Metnop: the compact, low-cost Royal Precision 
LGP-30 Electronic Computer. 


Input Data: except for special specifications 
which are handled by design engineers, non-techni- 
cal personnel fill in data directly from customer 


above data into stor- 


me assigned memory lo- 
cations on the computer’s magnetic drum. The set 
of program instructions—also stored on the drum— 
then directs the computer where to find the input 
data and what mathematical operations to perform 
in the proper sequential order. The program then 
further directs the computer to store the various 
answers in specifically assigned memory locations. 


Of notable interest is the incorporated test fea- 
ture which allows any type and arrangement of sec- 
tions to be tested by the computer. The program 
not only compares calculated values, but provides 
a corrective computation and recomputes all con- 
ditions until satisfactory values are obtained. The 
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ABSTRACTS 


(Application Report #10, from which the following is abstracted, is free upon re- 
quest from Royal McBee Corporation, Data Processing Division, Port Chester, N.Y.) 


Subject: Design / User: Brown Fintube Company, Elyria, Ohio 


age in specifically. 


For more information, turn to Data Service card, circle No. 90 


engineer need only type in the exact arrangement 
desired to have the computer calculate his proposed 
arrangement — assuring complete versatility and 
control over the program. 


Ovurput: all numbers required for the final speci- 
fication sheet, including price, are provided —as 
well as key inter- 
mediate answers 
to enable the en- 
gineer to exer- 
cise judgment. 
The computer 
automatically, 
controls the type- | 
writer so that. 
all answers are printed out in the desired format. 


Conc.usions: with the LGP-30, Brown Fintube 
has reduced total time on typical heat exchanger 
designs from one or two hours to approximately 3 
minutes. Better design vs. cost combinations have 
been obtained—with a resulting increase in con- 
tract awards and the elimination of under-bidding. 
According to company officials, “perhaps the most 
significant contribution of the LGP-30 has been 
the release of engineering manpower for more basic 
and profound studies.” 


Royal Precision Corporation 


Royal Precision is jointly owned by the Royal McBee and 
General Precision Equipment Corporations. LGP-30 sales 
and service are available coast-to-coast, in Canada and 
abroad through Royal McBee Data Processing offices. For 
your free copy of Application Report #10, as well as full 
specifications on the compact, mobile LGP-30, write today to 


ROYAL MCBEE CORPORATION, cate processing division, Port Chester,N.Y. 
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Garden City’s Plug Unit is an integral part of 
the Catalytic Combustion system that converts 
noxious fumes into harmless, colorless, odor- 
less compounds. This fume-eliminating system 
is completely assembled at the plant, ready for 
immediate installation at the job site. Its built- 
in Garden City Plug Unit meets all air-moving 
needs . . . no external fan-ductwork installa- 
tion is required. Catalytic Combustion Corp., 
pre-eminent in its field, says, “We have been 
using Garden City fans consistently for over a 
year and thus far we are completely satisfied 
with their construction and performance.” 
Learn how Garden City Thermal-Aire Plug 
Units can do an efficient, economical job for 
you, too, at temperatures to 2000°F. 


WRITE FOR INFORMATION on 


Thermal-Aire Fans and Plug Units 
® Radial Blade © Forward Curved 


MEMBER OF AIR MOVING AND CONDITIONING ASSOCIATION, INC. 


805 North Eighth St., Niles, Michigan 
For more information, turn to Data Service card, circle No. 93 
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s with 15 Foot Long Im ious 


Heil Nocorda! Heat Exchang 
Grophite for Heating Sulphuric Acid Anodizing Solution. 
FZ Heil Nocorda! Grid-type Heat 
(14 Exchonger in Refractory Lined 
Tank. 
© Utmost Corrosion 
Resistance 


® High Heat Transfer 
© Thermal Shock Resistance 
® Low Cost Operation 


EIL 


of Cleveland 


IMPERVIOUS 


N 0 COR DA GRAPHITE 


Shell and Tube, and Immersion Type 
HEAT EXCHANGERS 


Heil Nocordal Grid- 

type Heat Ex- 

changer for Mount- 

ing in Bottom of Tank 

Concentrating Solv- 

tions of Rare Metallic 
Salts. 


You can overcome even your toughest corrosion 
problems when you specify Heil proven Nocordal 
exchangers. Nocordal is unsurpassed for practically 
any chemical processing application; can be used 
safely with most all acid solutions and is non-metallic; 
consequently, it avoids any metallic contamination. 


Available in a wide range of proven, 
pre-engineered shell and tube exchangers, 
steam or electric immersion heaters, also 
steam jets to agitate and heat tank solutions. 


Get full details. Send for Bul. No. 156 today! 


 TAmES 
HEATERS CORPORATION 


PLASTICS 
‘12908 Elmwood Avenve « Cleveland 11, Ohic 


For more information, turn to Data Service card, circle No. 43 
CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 7) 


| 
™ 


SCOPE 


NEWS PLUS INTERPRETATION 


Petrochemicals taking bigger market bite 


Forty percent of U. S. chemicals sales in 1965 will be in the 
petrochemicals area, says Standard of N. J. executive. 


By 1965, PETROCHEMICALS will make 
up fo cent by volume of all 
U. S. production, predict- 
ed D. A. Shepard, Exec. V.P. of 
Standard Oil of New Jersey. Shep- 
ard spoke recently in Paris before 
the Societe de Chimie Industrielle. 
Present fi is around thirty per- 
cent. Total chemical industry ae 
ume, now at 80 million metric tons, 
will soar to 100 million by 1965, 
said Shepard. 

The increasing role being played 
by petrochemicals in the overall 
U. S. chemical picture is evidenced 
by the fact that several important 
chemical companies now have 50 
percent or more of their efforts con- 
centrated in this area, pointed out 
Shepard. Leaders in this direction 


are: 


PETROCHEMICAL 

SALES AS % OF 

TOTAL SALES 
Monsanto® 65 
Rohm & Haas 60 
Dow 60 
Du Pont 50 
Carbide 50 
Cyanamid® 40 
Allied 36 
Hercules 15 


Estimated chemical plant construc- 
tion for the period 1959-1961 also 
brings out strongly the trend to 
petrochemicals: 
BasICALLY Petro- 
CHEMICAL 
(61.4%) 
General organic 
chemicals 675 
Plastics and resins 450 
Synthetic fibers 101 
Raw materials from 
petroleum 455 
Fertilizers 116 
Synthetic rubber 45 1,842 


$MM $MM 


RELATE TO PeTRO- 
CHEMICALS 
(12.9%) 


*Excludes drugs. 
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Laboratories 220 
Miscellaneous 


smaller fields 167 887 


GENERALLY Non- 


PETROCHEMICAL 
(25.7%) 
General inorganic 
chemicals 686 
Special metals 86 772 
3,001 


American chemical interests 
in Europe 

Participation by American chemi- 
cal companies in the European 


chemical industry is also on the up- 

swing, according to Shepard. He 

cited, among others: 

Standard Oil (N.J.)—U.K., France, 
Germany, Belgium, Holland, 
Spain 

Du Pont—Ireland (U.K.), Holland 

Carbide—U.K., Belgium, Italy 

Monsanto—U.K., Italy, Spain, Ire- 
land (U.K.) 

S.O. of Calif. (Oronite)—U.K., 
France 

S.O. of Ind. (Amoco)—Belgium 

Texas Butadiene—France, Sweden 

Dow—Holland, Spain, Italy, U.K. 

Goodrich Chemical—Holland 

Olin Mathieson—Belgium 
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Breakthrough in machine translation? 


Newly-disclosed IBM system may open the door to mass trans- 
lation, evaluation of complete Russian technical literature. 


AN AUTOMATIC ELECTRONIC trans- 
lator, developed by IBM and re- 
cently unveiled for public inspec- 
tion, may have far-reaching impli- 
cations for evaluation, and perhaps 
ultimately for translation, of for- 
eign technical literature. 

The machine presently special- 
izes in Russian, translates Pravda 
daily into rough but understand- 
able English. Speed of the system, 
now about 30 words per second, is 
limited by the speed of the punched 
paper tape input and the “slow” 
electric typewriter output. How- 
ever, automatic input and output 
devices are under development, as 
well as a new solid-state, transis- 
torized version of the translator it- 
self, the Mark II, which will be 
faster, more reliable, and more com- 
pact than the present Mark I. 

In addition, an automatic print 
reader is now in the works at Baird- 
Atomic, Cambridge, Mass., is ex- 
pected to be operational by Sep- 
tember of this year. Goal of the 
whole program is a speed of 100 
words per second. 


Rotating disc memory 

Heart of the system is a rotating 
glass disc, the “photoscopic disc 
memory.” A Russian dictionary of 
some 55,000 work stems, plus word 
endings, is arranged on about 
700 almost microscopic concentric 
tracks in a band toward the edge 
of the disc. As the disc rotates at 
about 1,400 revolutions per minute, 
a beam of light matches the Russian 
text word to the Russian dictionary. 
The corresponding English words 
are then printed out automatically 
by an electric typewriter. 

If the translator finds a word not 
in its vocabulary, it prints this word 
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in red for later addition to the disc 
memory. 


Fractured English 

Grammar of the electronic trans- 
lator, admits IBM, is “still well 
below college level,” but a sophis- 
ticated lexical buffer and word ana- 
lyzer now under development is 
expected to improve this in the 
near future. Sentences will then ac- 
tually be analyzed grammatically 
and much smoother English pro- 
duced. 


Only the first step 

Automatic translation of the 
whole Russian technical literature 
(a consummation devoutly to be 
wished, but still in the indefinite 
future ) would, however, not be the 
whole answer to the present needs 
of our scientific and industrial com- 
munity. The output is so vast and 
so variable in quality and useful- 
ness that a tremendous task would 
still remain—evaluation, selection, 
editing, and publishing of what is 
vital. 


Ilectoe recatuaetue 


YerORe- 
secrsa. Counaanctuyeckne crpamm Espomw 
Hacerenne KoTopux cocrasager boaee 
MHAAMAPAa ycnewHo 
no NyTH CTPONTeALCTRa KOM- 
mynnama. Co sce soapactawmel 
Nponece Hapogos MHOTHX 
KOAOKHAMM Tog 
B mexaynapoanwx orsowennax yee 
MCTOALL samensng 
HLIMM Meperopopamu. 


PacKpowTca HOBBEe 
TanHp 


XX vena B. AMBAPLIYMAH 
Aee cTpa- 


Will Open New Secret Universe 
Academician V. Ambartsumyan 
Sixth decade XX century represents 


3a 
K HO- 
poh — paano- 
ACTPOHOMEN ¢ ee 
HCTHHe Ona 
o6aacts 
QHINYECKHX Mpoweccos, conepman- 
muxca reaax. Ecan actpo- 


Bo sce sospactawuem 
maywul nporpecc 
AOKUA NYTh B MHpOBOe MpocTpanc 

Nut, paborunkn wayxn, ¢ 
eM CMOTPHM Ha HTOTH 
Abi npanecy? coboll eme no} 
yenexn. ¢ 

B mame spewa mayxa peger nach 
no Gopp6m 3a 
Ha nexotopux 1) 
Hue MpoxoguT ocobenno > 

Oaun #3 TaKHx yuactxos npeactag 
Got wocmoca. Pew 1@ 
06 mccacgosanun DAaHeT coauesnoil 
C NOMOMbE ‘ 
HAYINLIX 


one of the most stirring pages 
history humanity. Socialist country 
Europe and Asia, population that con- 
stitute more billion man, successfully 
move along the way of building social- 
ism and communism. With all increa- 
sing speed goes process releasing 
peoples many country, during the 
period of centuries former colonies im- 
perialistic state. In International ratios 
obsolete method “cold-war’’ replace 
peaceful negotiations. 

In all increasing rate is developing 
scientific and technical progress. Soviet 
Union own artificial satellites Earth 
and cosmic rockets laid way in world 
space. 
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NEWS PLUS INTERPRETATION 


Industry bolsters higher education 


Increasing corporate contributions to education are now being 
guided by a new management group that knows how, why, and 


I N THE LAST TEN YEARS, the role of 
leading business firms as “corporate 
citizens” in American life has grown 
tremendously. Estimates of total 
corporate giving to higher educa- 
tion are over $136 million during 
1958. This is quite a difference from 
the figure of $24 million in 1948. 
Corporation contributions continue 
to pass swiftly from the stage of 
spontaneous giving under imme- 
diate pressures, to planned invest- 
ment which has some relation to 
both the company and public inter- 
est. Such contributions are being 
guided more and more by a new 
management group that knows how, 
why and where this support will do 
the most good. This is the emerging 
pattern of corporate giving, says 
John A. Pollard, vice president— 
research, Council for Financial Aid 
to Education. His views ap ed 
in an article in the Harvard Busi- 
ness Review. 

Various companies use different 
methods of establishing contribu- 
tion policies and of distributing 
grants. Some set up special commit- 
tees or establish company founda- 
tions. A few appoint a special officer 
of the corporation to supervise the 
aid to education program. In some 
companies, the staff work on the 
aid to education program is under 
the ultimate direction of the vice 
president for public relations. Oth- 
ers manage such programs from the 

rsonnel division. In all cases the 
ink to top management is there. 

One significant trend has been 
diversity of program. Each year, the 
range of institutions covered is 
being broadened. In addition to 
the larger universities and science 
schools, more and more aid is going 
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where such support will do the most good. 


American Cyanamid 

Du Pont 

Esso Education Foundation 

General Foods Fund 

International Nickel 

Procter & Gamble & Procter & Gamble 
Fund 

Shell Companies Foundation 

Standard Oil of California 

Standard Oil of Indiana & Foundation 

Union Carbide & UC Educ. Fund.... 

Westinghouse Ed. Foundation 


1958 1959 
$758,000 $770,000 
1,173,000 1,318,000 
1,951,630 1,951,500 

413,500 500,000 

295,000 263,000 


930,973 940,000 
722,050 759,350 
709,700 1,470,948 
528,000 860,000 725,000 
850,000 1,435,000 1,309,000 
309,390 806,450 1,625,000 


Note: All figures in this table have been furnished by the respective companies or 
their foundations. Most are for higher education. 


to women’s colleges, liberal arts 
groups, unaccredited four year col- 
leges, junior or community colleges, 
and publicly as well as privately 
controlled institutions. 

Types of aid are mainly: 

1. Unrestricted grants for current 
operations 

2. Capital grants 

3. Student aid 

4. Grants for faculty and staff 
compensation. 

e attitude toward unrestricted 

grants has changed greatly in re- 


cent years, with some of the major 
aid to education programs now cen- 
tered on unrestricted giving. Most 
of this is probably applied to staff 
salaries by recipient colleges. 

With the patterns of giving to 
education that have been estab- 
lished, a figure of $500 million a 
year from 800,000 firms, the Coun- 
cil feels, is not impossible by 1970. 

The growth of aid to education 
programs in some representative 
companies within the past few years 
is shown by the table. 


Computers seen as necessity in engineering education 
“Engineering calculations of the future will be done by ma- 


chines,” declared recently D. L. Katz and E. I. Organick, U. of 
Mich. faculty members, in a report to the American Society for 
Engineering Education. In their opinion, a large capacity com- 
puter is almost a necessity for undergraduate instruction in an 
engineering college of “more than moderate size.” 


Five percent salary hike for Lehigh chemical engineers 

Chemical engineers graduated from Lehigh University this 
June will receive an average starting salary of $515, up about 5% 
from the 1959 level of $488. Leading the parade are the electrical 
engineers with $540, while the class average was $493. Interesting 
trend—starting salaries for liberal arts gradutes, while somewhat 
less than for engineers, were up 18%, greatest percent increase 
for any category. 
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1954 
$500,000 
730,500 
rts 500,000 
372,500 ; 
11,945 
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Chemical industry profits too low 


Profits should increase 12 percent to match par. Replace- 
ment, not book figures, reflect real plant values, Hercules 
Powder executive tells Mexico Joint Meeting. 


AN OVER-ALL PRICE INCREASE of 
around 12 percent is necessary in 
the chemical industry to make 
profits sufficient. Present profits are 
much too low, E. B. Morrow told 
the International Congress of 
Chemical Engineering in Mexico 
City. Total chemical and allied in- 
dustries in 1959 showed a return of 
5.1 percent, or 4.3 percent less than 
their par. This is equivalent to 9.0 
percent before taxes on $36,066 
million of operating assets, or 
$3,246 million. Chemical indus 


the reasonable approximation is to 
increase the published plant book 
figures by 69 percent. 
Unfortunately, since the govern- 
ment allowance for depreciation is 
based on book rather than replace- 
ment cost, a higher proportion of 


expansion funds at present has to 
come from retained earnings. The 
result is to boost the needed re- 
turn on operating assets at replace- 
ment cost after taxes. And the 
only kind of profit worth talking 
about, after all is after taxes. 


Comparative percent returns on operating assets of various industries 
in 1959 at book and replacement values. 


(Figures in Millions of Dollars) 


sales last year totaled $27,133 mil- Chemicals 
lion, so that the 12 per cent in- & Allied Relate S 
crease on sales prices would have Products —_ Industries tions 
been required to match the par. 1. Net sales—1959 $27,183 $28,591 $337,817 
Par should be calculated on re- 
placement value rather than book Operating assets @ BOOK VALS 
figures, Morrow says, and this is cost etext of 1980: 
longer reflect real plant values, the 7 08 52.900 
5. Total (a) $24,074 $46,220 $256,277 
ti ts: Book»? 6. Net profit from operations $3,835 $2,520 $28,699 
7. After depreciation depletion and 
longer a sound basis for measur- P 
ing the amount of operating assets 
ude the t investment at its » 
to properly measure a company’s Le ~ 
performance, since the ultimate REPLACEMENT VALUE 
test is percent return on investment Operating as 
compared with par for the course. 
Based on replacement cost, the Per cent return on operating asset: 
basis for par earnings is sufficient 0 Before taxes and interest 106% 34% 1.1% 
to pay reasonable cash dividends 1 After taxes @ 52% 5.1% 1.6% 3.7% 
on the operating assets employed (3.0% after 13% tax) 
in the business. It also provides 9 After depreciation depletion and 
an amount of retained earnings amortization of $1,125 $2,161 — $10,280 
which, along with depreciation Te- 13. Per cent depreciation provision of 
serve set-asides, will finance the plant at replacement cost 3.8% 3.2% 3.6% 


growth of his business. While fig- 
ures on the replacement cost of 
plant investment are not avail- 
able in the case of most companies, 


* All figures are on the assumption that operating income is taxed 52%. In the case 
of petroleum, the SEC figures indicated an average tax of only 13%. Thus, the 3.4% 
return before taxes would net 3.0% after taxes instead of the ies shown. However, 
the 3.0% figure is still a very low return. 


For more information, circle No. 120 > 
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interchangeable with plain 
condenser tube (Type S/T only) 


easily fabricated — 
available in U-bends 


high finned outside to inside 
surface ratios up to 8-1. 
(Types H/R, L/C, and 1/L) 


several types of end 
treatments available 


available with either high 
or low fins with a wide 
variety of fin spacings 


one-piece construction 
3 
j 
Lal 


smooth extruded fins eliminate 
sharp angles and crevices 


fins stand up under thermal shock, 
vibration and pressure changes 


available in copper, 
copper alloys and aluminum 


more BTU’s per foot of tube 


Look at the advantages—see for yourself what Trufin 


T H | S ‘S can do for you. Specify it for new installations and for 


boost production . . . save money, too! 


TRUFIN! 
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THE THINGS 
YOU MUST KNOW 
ABOUT FINNED TUBE 


EXPERIENCE 


Where finned tube and heat transfer experience is concerned, 
Wolverine Tube is the industry’s acknowledged leader. Wolverine pio- P 
neered the development of integrally finned tube (Wolverine Trufin®) and 
over the years has produced millions upon millions of feet of this efficient 
extended surface for countless heat transfer installations throughout the 
United States. 


HEAT TRANSFER SPECIALISTS 


In addition to a fully staffed Field Engineering Service, Wolverine 
Tube also maintains Technical Heat Transfer Specialists in all major proc- 
essing areas across the country. These men have all undergone intensive 
training in finned tube technology and have completed a Process Heat 
Transfer Course conducted by Donald Q. Kern, Wolverine consultant. 


RESEARCH AND DEVELOPMENT 


Wolverine Tube maintains the industry’s most complete research 
and development facilities in Allen Park, Michigan. Here, day-in and day- 
out, research delving into all aspects of tubing manufacturing is carried 
out. Extensive research in finned tube and heat transfer has been con- 
ducted at the University of Michigan for many years in Wolverine’s be- 
half. You can rest assured, as a result of all of these activities, that 
Wolverine Tube contributes its full share to the advancement of tubing 
technology. You can be sure, too, that because of these facilities you can ’ 
place your complete trust in any product bearing the Wolverine name. 


Next time you require finned tube—or have a tubing problem—con- 
sult Wolverine Tube. Either way you'll be sure of the finest product or 
soundest advice available. 


Wolverine Trufin is available in Canada through the Unifin Tube Division, London, Ontorio. 


WOLVERINE TUBE 
URANIUM DIVISION or 
CALUMET & HECLA, INC. 


WOLVERINE TUBE DIVISION 
Comodo: 17240 Seuthfield Road 
Allen Park, Michigan 


@ HECLA OF CANADA LIMITED 
LVERINE TUBE DIVISION 
Manufacturers of Quality Controlied Tubing and Extruded Aluminum Shapes 


UNIFIN TUBE Div’ 


PLANTS IN DETROIT, MICHIGAN AND DECATUR, ALABAMA 
SALES OFFICES IN PRINCIPAL CITIES 


ail: 
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scope 


The year begins in Washington 


AS THIS IS BEING WRITTEN, it's like 
New Year's Eve in Washington. Jul 
1 is the first day of Fiscal 1961 whi 
is a far more important day to those 
who are trying to conduct business 
with the Federal Government than is 
the first day of the calendar year. 
While some industries are com- 
plaining, it is generally conceded that 
the overall volume and profit picture 
is good and the future is far from 
glum. It’s the erratically changing 
picture that worries most business- 
men. 


New bills 


Even though domestic business is 
good, there’s much pending national 
legislation that will have important 
eftects on the chemical and process 
industries. And no one knows how 
Congress, driven by the political need 
to prepare for fall elections, is going 
to act. The chemical industry will be 
affected directly by such legislation 
as defense appropriations amountin 
to $41 billion, and indirectly by su 
legislation as school construction 
amounting to $1.3 billion. 

A segment of the chemical indus- 
try concerned with color additives 
for food and cosmetics will likely be 
faced with more problems in con- 
forming to the requirements of H.R. 
7624, now before the House. This 
bill, unlike S. 2197 which passed the 
Senate and now lies dying in the 
House, requires manufacturers to sub- 
mit, to Food and Drug Administra- 
tion, evidence of the safety of color 
additives when used in _ specific 
amounts in specific end items. No 
color additive is considered abso- 
lutely harmless, but FDA (with the 
aid of a committee it will appoint 
from a group of scientists nominated 
by the National Academy of Science) 
will accept or reject proposed quanti- 
ties of specific coloring materials for 
use in specific end items. Passage of 


H.R. 7624 is considered almost cer- 
tain. 

Typical of the less glamorous bills 
of major importance to the process 
equipment manufacturers is Senate 
Bill S. 3557, introduced by one of the 
most important men in Congress, 
Senator Lyndon Johnson. This and 
— bills in the House provide 

adly needed additional funds for the 
further development of economical 
= for producing fresh water 
rom sea water. (See CEP, June, 
1960.) Well-informed people in the 
process industries are aware that the 
240 billion gallons of water we now 
use daily are not adequately meeting 
our needs. They further realize that 
there are no known fresh water 
sources to supply the 500 billion 
gallon predicted national requirement 
in 1980. Economical sea water con- 
version processes would, they feel, 
provide welcome relief for this grow- 
ing shortage. But we are just begin- 
ning to appreciate how much such 

rocesses could mean to American 
usiness if used to benefit water- 
short foreign nations. 

Foreign aid 

Water is only one of the many 
things that our foreign friends need. 
The fact that Congress has already 
eg $4.1 billion in authorizations 

r foreign aid indicates the impor- 
tance our legislators attach to the 
demands placed upon the U.S. by 
needy nations. The existence of the 
Development Loan Fund, the Export- 
Import Bank, the International Co- 
operation Administration, and the 
World Bank (International Bank for 
Reconstruction & Development), is 
further testimony of the need for help 
to potential allies. Almost every seg- 
ment of Government in Washington 
evaluates things today on the basis 
of world reaction rather than on 


national needs alone. Official and 
continued on page 24 
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ANOTHER 


DEAN 
EXCLUSIVE 


26” WIDE + 29° WIDE 


AVAILABLE IN ALL STANDARD LENGTHS 
uP TO 143” 


SEVEN INCHES WIDER—Yes, the new 
29" wide Dean Panelcoil is a full 7” 
wider than the previous 22” industry 
maximum. This extra 7" will, in many 
cases, enable you to use one or two 
fewer Panelcoils on a given heating 
or cooling job. Result, fewer fittings, 
less connecting pipe and most impor- 
tant of all, less labor. 


Dean Panelcoil has additional dollars 
and cents savings for you. Its initial 
cost is usually much less than old-fash- 
ioned pipe coil or jacketing. It weighs 
less. Uses less space. In fact, it is bet- 
ter in almost every way. 


Dean Panelcoil is made by 
seam-weiding two sheets of 
metal together, one or both 
sheets being embossed to 
form the flow channels. Get 
the whole story—Dean Data 
Sheet 15-60 Series and Price 
Bulletin 259. 


Singie 
Emboned 


1040 DEAN ST., BKLYN 38, N. Y. 
STerling 9-5400 


Bocked by 25 Yeors of Pone! Coil Manufacturing 


For more information, circle No. 26 
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| DEAN PRODUCTS, INC. 
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Can $ARJET Help YOU? 


Here is an atomizing spray 
head, entirely new in design. It is 
simple, compact, precision engi- 
neered, inexpensive. It can be en- 
gineered to use one, two or more 
fluents in combination with one 
medium which is under pressure 
— steam, compressed air, other. It 
delivers a fog-like mist with no 
fall-out of moisture whatever. This 
fog is easily blown and guided 
through various machines, wher- 
ever a product requires a steady 
degree of humidity in processing. 


There are no moving parts in 
a SarJet. Its turn-down range is 
unusually wide, without any sacri- 
fice of atomizing efficiency. It is as 
nearly foolproof as anything can 
be, needs cleaning infrequently 
and, when being cleaned, is dis- 
assembled in less than a minute. 


Originally designed by SARGENT 
for “ordering” tobacco (the deli- 
cately exact process of restoring 
moisture to dried tobacco for 
further processing), the basic 
SarJet uses compressed air or 
steam, with water. It delivers a 
flat, horizontal fan of fog-like mist 
from two to six feet wide and three 
to ten feet in length. It can be 
engineered to deliver any spray- 
pattern desired. Its uses are ap- 
parently limitless. We do know 
that wherever there’s need for 
moisture regain in a product, not 
on it; wherever a high degree of 
humidity is used; wherever there 
is need for a fog composed of two 
or more fluents intimately mixed, 
SarJet will serve dependably, eco- 
nomically. 


Can SarJet help YOU? 


PHILADELPHIA * CINCINNATI * CHARLOTTE * ATLANTA * HOUSTON + DETROIT 
NEW YORK + CHICAGO + LOS ANGELES + TORONTO 


For more information, turn to Data Service card, circle No. 55 


Washington scope 
from page 23 


unofficial Washington are sold on the 
that our survival, and the 
survival of the civilized world, de- 
pend on the unified strength of the 
western world, that a war means 
total destruction regardless of who 
wins, that we must not, therefore, 
fight, and that we can avoid fighting 
only by remaining so strong and so 
alert that our enemies can see no 
chance for victory. No end is seen to 
this armed stalemate. Hence, no price 
seems too great to gain or hold an 
ally. 


Lower tariffs 


The willingness to meet all the 
foreign competition of both friend 
and foe, whew the benefit of tariff 
protection, is becoming a more and 
more important part of our national 
philosophy. The old “Buy American” 
slogan is rapidly being displaced by 
“Buy Abroad”, “Sell Abroad”, “Manu- 
facture Abroad”, “Invest Abroad”. As 
indicated on this page in May CEP, 
concern has been expressed in Wash- 
ington about the apparent apathetic 
attitude of the cemdint industrv 
toward the General Agreement on 
Tariffs and Trade (GATT) Conference 
to be held in Geneva next September. 
The notice of public hearings to be 
held here in Washington starting Julv 
11th, has been issued by the Inter- 
departmental Trade Agreements Or- 
ganization Consisting of the Depart- 
ments of State, Treasurv, Defense, 
Agriculture, Commerce, Labor, Inte- 
rior, the U. S. Tariff Commission and 
the International Cooperation Admin- 
istration. But American industry is 
just beginning to show real interest. 
Manufacturers having both domestic 
and foreign plants that produce the 
same product are said now to be 
exhibiting considerable frustration. 
Our government, too, has its problems 
in attempting to make international 
commercial efforts effective in pro- 
viding for national securitv. India’s 
new chemical and process plant pro- 
gram, for example, includes help not 
onlv from the U.S. and West Ger- 
many, but also from the U.S.S.R. and 
East Germany. 

Unquestionably, the psychological 
atmosphere in Washington today is 
like that at half-past eleven on New 
Year’s Eve—jovous, but bewildered. 
And out of this confusion business 
headaches will certainly grow to 
worry the chemical industry at least 
through 1961. 

—Jos. L. Gillman, Jr. 


24 July 1960 CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 7) 


| 
¥ 
; 
hal 


DESIGNED FOR RELIABILITY THROUGH 
WESTON “UNITIZED” CONSTRUCTION 


PEAK PICKING RECORDER FOR 
GAS CHROMATOGRAPHY 
SPEEDS ANALYSIS... 
SIMPLIFIES PROCESS CONTROL 


Weston Peak Picking Recorders are now serving the 

chemical and petroleum industries in critical applications for 

gas chromatography. They are also valuable for other uses 

where peak height is an important factor. 

Simplified analysis is provided with the Model 6707 Recorder 
since only peak heights are indicated. Successively numbered points 
are printed on a slowly moving chart. Result: many hours of stream 
data are immediately available for study in the recorder window. 
Extremely versatile, this multi-point instrument can handle as 
many control and transmission signals as there are stream 
components. And it is often used in conjunction with control 
systems, data loggers and computers. It can be fitted to protect against 
disappearing components and false peaks. 

Other features include electronic peak detection; plug-in amplifier; 
easily replaceable range standards; and an exclusive 

D-PAK (T.M.) that eliminates standard cells, batteries, and 
standardizing mechanisms. The compact recorder is housed in a 
rugged, dust-resistant case which permits universal mounting — 
panel, wall or table. 

Ask your local Weston representative for complete information on 
the Peak Picking Recorder and other instruments for industry, 

or write for Catalog 08-101. Weston Instruments Division, 

Daystrom, Inc., Newark 12, New Jersey. /nternational Sales Division, 
100 Empire Street, Newark 12, New Jersey. 

In Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ontario. 


Available in 2, 10 or 20-second carriage 
speeds across full 10-inch scale. Points: 2, 
3, 4, 6, 8, 12. Chart speeds: Multiple—! 
to 24 inches per hour; Single—24 to 960 
inches per hour. Operation: 115 volts, 60 
cycles; or 115 volts, 50 cycles. Optiono! 
features include: olarm contacts, pen 
dragger, and time operation pen. 


DAYSTROM , incorrorated 


WESTON INSTRUMENTS DIVISION 


For more information, turn to Data Service card, circle No. 125 
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You name it... 
PULSAFEEDER 
meters it! 


Corrosive acids or just plain water... 
abrasive slurries or radioactive fluids 
... Lapp Pulsafeeder pumps them all 
safely, meters them precisely, com- 
pletely eliminates leakage and con- 
tamination. And you can fit the pump 
to your specific process from today’s 
most complete line: metered flow rate 
from a few drops to 15.7 gallons per 
minute; pressures up to 7000 psig.; 
manual or instrument controls. Which 
for you? 


WRITE for new Catalog 59. 
Lapp Insulator Co., Inc., Proc- 
ess Equipment Division, 1207 
Poplar Street, LeRoy, N. Y. 


For more information, turn to Data Service card, circle No. 5 


letters 
to the editor 


Georgia Replies to Sherman 


Here is the reply of Dr. Harrison, 
esident of Georgia Tech, to the 
tter of P.S. Sherman in the June 

CEP. 


I was amazed at the energy ex- 
pended in castigating both Mr. Resen 
and me in your letter (June CEP) 
but I appreciate it. I am sorry you 
did not hear my talk; haps some 
misunderstandings w: have been 
averted. 

The problems of which I spoke 
were not intended to be those of 
Akron or of any other specific geo- 
graphical area. Admittedly, there are 
excellent schools and school systems 
all over America, occasionally adja- 
cent to very poor ones. Nevertheless, 
thousands of American high schools 
do not even offer mathematics, phy- 
sics, and chemistry at a level to equip 
the student for college entrance. 

Many small schools, even some of 
those in Ohio where I formerly lived, 
do not have the demand for such 
courses to merit paying for a faculty 
to teach algebra I and II, trigonome- 
try, biology, physics, chemistry, and 
foreign languages, It was my sugges- 
tion that local industries assist such 
schools by teachers from 
among their qualified joyees. 
Please, therefore, re-read the sen- 
tence in the first ge h of the 
editorial at the t second 
column, and shatieniedly note the last 
six words (April, CEP). 

And Mr. Sherman, please re-read 
the two sentences near the bottom of 
column one which state, “The teacher 
must know the content of the _—. 
Having an educator’s background per 
se is not enough.” I did not imply, 
nor did I state, that subject compe- 
tence is qualification enough. I stated, 
and so did Mr. Resen, that “an edu- 
cator’s background per se is not 
enough.” It isn’t. 

With respect to merit pay, there is 
at least one college which has no auto- 
matic increases and no automatic pro- 
motions, and yet has attracted a fine 
faculty. I believe I explained in my 
talk the simple procedure that is 
followed. It was probably so obvious 
that Mr. Resen aid not think it neces- 
sary to mention. I shall be most de- 
lighted to go into it in detail with 

continued on page 30 
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<>) AMERICAN HEAT RECLAIMING CORPORATION 
1270 Sixth Avenue, New York, N.Y. 


For more informaiion, turn te Data Service card, circle No. 110 
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Fluoroflex-T/ 


Even HF manufacture is no problem for 
economical piping components of 


AUTOMATIC 
SCALE & FEEDER 
(SPAR TO KILN) 


H.SO. BLED 
BACK TO STILI 


HF GAS 


HeSO. GENERATING 
STORAGE 


NOW AT LAST, for all your corrosive 
of long-life, corrosion- 


Now it is possible for you to pipe your entire corrosive process 
from start to finish in corrosion-impervious Fluorofiex®-T, to 
save you money in faster installation, and decreased main- 
tenance, process downtime, replacements, and production 
headaches! 

Fluoroflex-T, the proprietary Teflon® product manufactured 
and fabricated solely by Resistoflex, combines two important 
elements: 

1. The widely-known corrosion-imperviousness of Teflon; 
complete resistance to any chemical (except high-temperature 
fluorine and the molten alkali metals) up to 500°F.! 

2. Optimum flexibility, density, strength, and flex-life; non- 
porosity and structural uniformity ; all imparted by Resistoflex’s 
superior fabrication techniques. 

As to the kind of economies possible, one plant equipped 
with Fluoroflex-T reported savings of $60,000 per month in 
costs of maintenance, downtime, and product loss! 

This in addition to installation economies. The Fluoroflex-T 
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family of corrosion-resistant piping components (see panel 
at side) have all been designed for complete couplability and 
hookup ease, in a complete range of sizes to fit any flow, 
process, or process path. 

If you have problems of handling corrosive fluids—in cost, 
equipment maintenance and replacement, process downtime— 
why not talk them over with Resistoflex? As they have for 
others, their fully experienced staff of engineers and equipment 
specialists may be able to save you money, time, and headaches! 
Write for Bulletin today! 


Check These Versatile Fiuorofiex-T Piping 
for Economy, Installation Ease, Long Process Life! 


Fluorofiex-T Lined Steel Pipe: Prefabricated to section 
lengths, conforming to your blueprint specs, with flanges on 
and ready to assemble. Minimizes assembly time; shortens 
checkout time; suitable for all fluids; complete series of fittings 
and connections available. 
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STRONG HF a 
ABSORBER TSP 
| 

SCRUBBER - F 

TOWER 

CoF, + H,SO, = 2HF + CoSO, | 

Basis 1 ton anhydrous HF 
Fluorspor (98% CaF.) 3,500 Ib. 

f Water 7000 SEPARATOR 

SPAR HOPPERS if | 

TH | H.SO. TO | 

GENERATOR 


WEAK ACID BLOWER 
ABSORBER TOWERS (TO STACK) 


SHELL & TUBE 
CONDENSERS 


LOW BOILER WEAK ACID 
_TO DISPOSAL DRUMS 
WEAK HF (LEAD-LINED) 


STORAGE 


ANHYDROUS 
HF TO SALE 


STRONG HF 
ACID TO SALE 


ANHYDROUS 
ACID 
PRESSURIZED 
TANK TRUCKS 


WATER 
COOLERS 


STRONG ACID 
DRUMS 
(STEEL) 


ANHYDROUS HF 
STORAGE 


ANHYDROUS HF 

FRACTIONATING 
HIGH BOILERS REBOILERS TOWERS 
TO DISPOSAL FOR HEAT 


FLUOROFLEX-TS— Lined Stee! Pipe 
FLUOROFLEX-T —Bellows 
SLURRY TANK FLUOROFLEX-T —Transfer Hose 
(CaSO. WASTE) FLUOROFLEX-T —Tube Protectors 
FLUOROFLEX-T —Raschig Packing Rings 


piping problems, the overall economy 
proof FLUOROFLEX-T (TEFLON)! 


Chemical Transfer Hose: Completely resistant to corrosion; 

long flex life; available in rubber or stainless steel braid 

coverings. The answer to all your flex hose problems! 

Molded Bellows-Flex Joints: Up to one million fiexings 

without detectable deterioration! Adjust to longitudinal and 

temperature movements, damp Out equipment vibrations. 


Molded rather than machined, their built-in flex-life can add 

years to the life of your piping and equipment! 

Dip Pipes, Spargers, Thermowells: For non-corrosive nozzle 

openings, steam nozzles, instrument wells in process equipment. 


Condenser Tube Protectors : Eliminate erosion and corrosion 


of high-velocity acid in entry side of condenser tubes. ey > T oO L xX 


And also: 
Fluorofiex-T Tower Packing Rings: Light in weight, durable, ORPORATION 
corrosion and erosion resistant, these economical Raschig ‘omplete systems for corrosive service 
rings have only one-fourth the weight of monel rings! Next in Roseland. 4. Cali. + Dallas, Tex. + Sales Offices in major cities 
time you need tower packing, check on these to simplify your ®Fiuorofiex is a Resistoflex trademark, reg. U. S. Pat. Off. 
tower design, costs, maintenance problems! ®Tefion is DuPont's trademark for TFE fluorocarbon resins. 

For more information, turn to Dota Service cord, circle No. 29 
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WITH 


“POLYBLOC” 


HEAT EXCHANGERS 


STACKED IMPERVIOUS 
GRAPHITE BLOCKS 


HIGH EFFICIENCY 
ASSURED BY VERY SHORT 
PASSAGES AND MIXING 
CHAMBERS 


LOW MAINTENANCE 
GUARANTEED 


NO FRAGILE TUBES 
NO CEMENTED JOINTS 
Write for free 
engineering manual 


THE CARBONE 
CORPORATION 


BOONTON, NEW JERSEY 
For more information, circle No. 74 
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Letters to the editor 
from page 26 


you if you wish, It was not omitted 
as an effort to “throw rocks and run.” 

May I add, further, that I am not 
surprised that you had in college 
very few teachers who were “any 
good as teachers,” although well 
qualified in subject matter. Only a 
small proportion of any profession is 
really good, and I am certain that 
this statement is true both of your 
public school teachers who have been 
taught how to teach and of those who 
have only “subject competence.” Since 
this is pure opinion, I did not say it 
in my talk. However, I pleaded for 
both, as Mr. Resen reported. 

I am sorry, too, that your “part-time 
service has never proven at all satis- 
factory.” If you are interested, I can 
easily furnish you the name of an out- 
standing grammar school in California 
where the part-time use of subject- 
matter scientists from a nearby Uni- 
versity has worked Birney It 
has proven overwhelmingly successful 
both in teaching teachers and in 
teaching their pupils. 

Frankly, it is my hope that in talk- 
ing to groups of professional people 
I can arouse in them some of the 
drive necessary to bring about changes 
where they need to made. Per- 
haps, only the “merit system of pay- 
ment” needs their support in your 
area. Perhaps, with their help the 
formidable problems mentio can 
be overcome. 

In closing, I never believed that a 
talk such as I gave would find popu- 
lar acceptance especially among some 
education board members. I do stand 
firmly behind my statements, which 
are not “poetic license,” “uninformed,” 
or guilty of having been “generalized 
too much on inadequate data.” 

I congratulate you on having al- 
ready aval some of your problems. 
May you continue to move Saunt 

Dr. Epwin D. Harrison 


President 
Georgia Institute of Technology 


Sweetening the kitty 


To the Editor: 

There are many members who 
would be glad to contribute addi- 
tional rage toward some of the 
operations of our National Institute. 
A Contribution Committee has been 
selected by the National Council of 
A.L.Ch.E. It consists of John J. 
McKetta, chairman, Roland Voorhees 
and Donald A. Dahlstrom (all three 
are National Council Members). 


This committee will try to raise 
money by the simple means of asking 
the en to chip in whatever 
extra money they can during dues- 
paying time. 

There are many things that the Na- 
tional A.I.Ch.E. would like to do in 
order to be more useful to its mem- 
bership. The National Council is con- 
tinually studying this question. The 
wy problem is money. If we can 

elp it, we do not want to raise the 

dues because this might impose a 
hardship on some of our younger 
members. It would also adversely 
affect our efforts to attract new mem- 
bers. 

We know that many of our mem- 
bers are in a position to pay a little 
more, and we think that nearly all 
of you would be willing to make a 
voluntary annual contribution. Mon 
received this way will be placed in 
an unrestricted fund, the application 
of which will be determined from 
time to time by the Council. Because 
conditions do change, we don’t think 
it would be wise to have this money 
earmarked for specific purposes. Fur- 
thermore, the best uses to which the 
money can be put will oo upon 
the amount of money available. 

You will be given a choice as to 
what you would like to see this 
money nt for. The committee 
hopes that this method of raising 
additional money will work because 
it will enable us to do some of the 
things that you wouid like to see the 
Institute do for you. 

The important thing is that any 
amount, however small, will help. At 
the end of the year, simply add the 
amount you wish to contribute to 
your dues and send in a single check. 
* Some of the things that we would 
all like to have done, although we 
can’t guarantee that any of these 
things can be done unless the money 
is available, are as follows: 


1. Add a man to the National staff 
whose sole responsibility would 
be helping the Local Sections. 
He would also be of some 
assistance to the Student Cha 
ters. Among other things, 
would assist in for 

kers and aps speakers’ 
for the Sections the 
Chapters. 


2. The A.L.Ch.E. would like to 
improve the employment serv- 
ices offered to the membership 
either through the Engineering 
Societies Personnel Service or 
by other means. 

continued on page 32 
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MIX SOLIDS WITH LIQUID, CONVEY SLURRIES 
with this SK ‘‘Hopper Type’’ Water Jet Eductor 


SK Fig. 254 Hopper Type Water Jet Eductor SK’s Hopper Type Eductor, shown above and at left, will mix 
solids with liquid and convey slurries conveniently and at low cost. 
See box below for types of granular solids currently being handled. 


An inexpensive unit, this light-weight eductor is easy to install, 
simple in construction with no moving parts, requires little 
maintenance, and provides efficient service over long periods. In 
operation, pressure water, issuing through the nozzle, entrains 
granular solids from the hopper and discharges through discharge 
piping. Agitating jets keep material moving down into the eductor. 


Used in the petroleum industry, in chemical processing and food 
processing plants, the hopper eductor has proved to be extremely 
satisfactory in handling the materials (bulk densities noted) 
listed below and others. 


For full details or Hopper Type Eductors including sizes, 
capacities, ratios, water consumption, materials of construction, 
write to SK for Bulletin 2M. 


SK HOPPER EDUCTORS ARE BEING _ Borax (50-55) Fly Ash (35-40) Sawdust, Dry (13) 
Charcoal (18-28) Rosin (67) Soda Ash, Light (20-35) 
USED CURRENTLY TO HANDLE THE Diatomaceous Earth (10-20) Salt, Granulated (45-51) | Sodium Nitrate, Dry (80) 
FOLLOWING MATERIALS (Approx. Lime, Pebble (56) Salt, Rock (70-80) Sulphur, Powdered (50-60) 
Lime, Powdered (32-40) Sand, Damp (75-85) Wheat (48) 
Bulk Densitice Indicated in Parentheses) Mash (60-65) Sand, Dry (90-100) Zinc Oxide, Powder, Dry (10-35) 


Schulte and Koerting 


VALVES: Ask for Condensed Bulletin ¥-1 COMPANY 
HEAT TRANSFER APPARATUS: Ask tor Condensed Bulletin HT-1. 


GEAR PUMPS: Ask for Bulletin 6-1. 


MANUFACTURING ENGINEERS SINCE 1876 
2245 State Road, Cornwelis Heights, Bucks County, Pa. 


For more information, turn to Data Service card, circle No. 56 
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if 


you use 


THERMOCOUPLES 


call for 


For all applications — 
for use with all standard 
types of temperature 
indicators, controllers, 
recorders—we make a 
complete selection of 
thermocouples from 
matched and checked 
wires, assuring constant 
millivolt output for 
accurate readings. 


NEW 
OATS 
BOOK 
FREE 


x 


Revised 40-page 
file-size catalog 
@ Lists all data 
(1.S.A. standards), 
Write components and 
for your new prices 
Thermocouple =e Graphically shows 
Data Book how to select best 
thermocouple and 
now protective tube for 


each operation 


the trend is to WEST <- 


For more information, turn to Data Service card, circle No. 57 
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WEST 


“SALES orniees 1M PRINCIPAL CITIES 


43518 W. MONTROSE, CHICAGO 4i, ILL. 


British Subsidiary: 
1 


Represented in Canada by Davis Automatic Controls, (td 


Letters to the editor 
from page 30 


3. The A.LCh.E. would like to 
publish more technical papers, 
either in the Journal, Chetsical 
Engineering Progress, or other 
publications. 


4. We would like to increase 
coverage in some of the Insti- 
tute’s publications of non-tech- 
nical matters of interest to all 
of the membciship. 


Your contribution can help a lot. 
If you have any questions, you may 
write to any of the members of the 
Contribution Committee. 

Joun J. McKerta 
Chairman 
Dept. of Chemical Eng. 
University of Texas 


A most worthy cause. The better 
the response, the better job the 
A.l.Ch.E. can do for you.—Ep. 


Air-Ammonia notes 


To the Editor: 

I am sure that we all appreciate 
your cooperation, and the amount of 
work you and your staff have done 
to complete this fine job in the time 
required. 

There are a few errors. On page 42 
of the May issue the names under 
the pictures have been interchanged. 
Mr. Stockbridge’s picture has Mr. 
Hugill’s name under it and vice 
versa. On the lower half of page 41, 
line 15 in column 1, the units should 
read, “One cubic centimeter per 
liter” instead of, “One cubic meter 

liter.” The information in the box 
in the first column on page 40 is not 
uite correct. The 14 names are all 
right, but the organization is not 

e correct. I was chairman and 
fone Weigers was the assistant 
chairman of the symposium at St. 
Paul, not the subcommittee. The 
chairman of the subcommittee was E. 
Harold Culp, and his assistant chair- 
man was Harold Maune. 

Otherwise, I believe this publica- 
tion is a fine presentation of the 
material cover and remarkably 
free of errors. 

W. A. Mason 
Engineering Dept. 
Dow Chemical Co. 
Midland, Michigan 


Mr. Stockbridge, meet Mr. Hugill. 
—Eb. 
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STANDARD HEAT 
EXCHANGERS 


Standard heat exchangers are suitable for a wide range 

of services, including heating, cooling, vaporizing and 

condensing, with the maximum usefulness in the smaller 

sizes. 

Standardization of mechanical design and price offers 

many important advantages to the user. 

Savings may be realized in the user’s engineering time, 

due to ease in procurement, inspection of fabrication, 

checking drawings and construction details. 

In plant layout work, the size of the unit can be quickly 

established, and the complete information available 
allows exact de- 
tails to be fixed 
at once. 
Immediate de- 
livery on most 
units often re- 
sults in impor- 


Complete Guide 


to the selection of a standard 
SW Heat Exchanger is con- 
tained in Bulletin B-20. Write 
for your copy today 


N 


tant savings, due to early completion of the pro 

Interchangeability allows reuse of the equipment 

other services, and increases salvage value. 

Important cost savings are available to the user, due to 

economies in manufacture. 

Savings to the process industries, by heat exchanger 

standardization, are estimated at several million dollars 

annually. 

Struthers Wells has just issued a new bulletin, giving 

complete mechanical design and prices, covering a num- 

ber of standard sizes, to about 1200 square feet of sur- 

face, and in six principal types. 

Thermal design data are included in the bulletin, to 

allow the user to fix the size of the required unit, in 

various services. 

A large stock of standard exchangers allows immediate 

shipment, in most sizes. Equipment is available in carbon 
steel, also with non-ferrous tubes, and in 
stainless Types 304 and 316. 


STRUTHERS WELLS PRODUCTS 
PROCESSING EQUIPMENT DIVISION 


Crystollizers . 
Heat Exchangers « 


STRUTHERS WELLS CORPORATION 


WARREN, PA. 


For more information, turn to Data Service card, Circle No. 40 
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» MILLIONS OF DOLLARS CAN BE SAVED 
i a . Special Carbon and Alloy Processing 
y's Vessels . . . Synthesis Converters ‘ 
| . ++ High and Low Pressure Vessels . . . Hydraulic Cylin- 
| ... Water Tube... Fire ders... Shafting ... Straight 
Tube . . . Package Units ening and Back-up Rolls 
33 


2,250,000 Btu/hr vaporizer using Dowtherm at the Dow Corning Corporation. 


PRECISE HIGH TEMPERATURES with COMPLETE SAFETY 
NO open flame and NO high pressure steam 


In the process industries, obtaining high temperatures 
without undesirable side effects is a year-round prob- 
lem. Direct heating with an open flame or heating with 
high pressure steam often creates fire or explosion 
hazards. And where precise temperature control is 
important, they may also result in control difficu'ties 
and cost problems. 

The answer to these problems is an FW high- 
temperature low-pressure vaporizer. FW has been 
designing and building them for 26 years and in that 
time has installed more than 700 organic process 
heating systems. Individual units range from 44,500 
to 50,000,000 Btu/hr and operate at temperatures 
from 350 to 750 F at pressures from 1 to 113 psi. 

If you have process heating problems, remember 
that only Foster Wheeler does the complete job. 


The design of your entire heating system is analyzed 
to make sure that the application, piping arrange- 
ment, and thermal design are correct. And FW not 
only designs and builds the vaporizer, but also installs 
the unit and places it in service at top efficiency. In 
addition, FW engineers are available to work with 
your consultants and engineers to solve future prob- 
lems concerned with process changes, relocation of 
equipment, and plant expansion. 


For your high-temperature low-pressure heating 
problems draw on Foster Wheeler’s long and varied 
experience with vaporizers and process facilities. 
Many of the outstanding process companies have 
done so . . . repeatedly. Write for Bulletin ID-54-5. 
Foster Wheeler Corporation, 666 Fifth Ave., New 
York 19, N.Y. 


Heat Engineered products, plants and processes . . . for the world’s petroleum, process and power industries. 


FOSTER & WHEELER 


NEW YORK LONDON 


PARIS 


ST. CATHARINES, ONT. 


For more information, turn to Data Service card, circle No. 102 
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1960 


trends 


Eliminating the hide-and-seek of indexing 


ONE SUBJECT WHICH CONTINUES to generate consid- 
erable interest has been the problem of indexing 
the literature. In recent months, as witnessed by 
the Letters to the Editor columns, a wide variety 
of readers have expressed their comments as to 
what must be done. Before these opinions showed 
= in print, a hard-working Sub-committee was 
already making definite strides in a positive direc- 
tion. The results: a Chemical Engineering Thesau- 
rus to be published next year by A.1.Ch.E., and an 
improved system for abstracts and indexing terms 
tied in with articles in CEP, the Journal, and other 
Institute publications. Since the work was done 
under the auspices of the Standards Committee, 
it’s hoped this Thesaurus-abstracting-indexing-sys- 
= will be adopted by other publications in the 
eld. 


Words, words, words, words 


The constantly increasing volume of important 
technical literature will not diminish in scope nor 
size. Instead, increasingly complex technology con- 
tinues to generate more, not less, printed words. In 
fact, even writing about how to simplify the job 
adds to the total. The engineer-scientist researcher, 
trying to benefit from the many published works, 
is literally inundated with material. He can, of 
course, be selective in his reading, ask for sum- 
maries from his staff, and do much to streamline 
day-to-day perusal of the literature. It’s when he 
wants to retrieve information on a subject that the 
situation becomes acute. 

In these days when machine computation holds 
sway, it’s easy to say “Why not put it on a ma- 
chine?” And that, in fact, is the ultimate goal. But 
it is one which will be approached piece-meal, 
and will require a major outlay of funds and effort. 
What can be done now, and preferably be utilized 
by a lone consulting engineer as well as a large 
chemical company? This is the question which begs 
for an answer; one which is forthcoming. 

A thesaurus stands as the threshold to a lon 
range indexing system. Use of a “word book” of 
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standard chemical engineering terminology with 
common synonyms, with technical words of higher 
and lower generic class, and with words commonly 
associated, will do much to reduce confusion and 
misunderstanding. It will facilitate indexing and 
cross indexing, enable a better choice of terms to 
be used in indexing and in the retrieving of infor- 
mation. Fortunately, a thesaurus of this nature will 
not be hard to come by. DuPont Co. has one in 
existence for internal use, and is releasing it to the 
Institute to serve as a working core. It will be modi- 
fied and enlarged, and the final product will be 
the A.IL.Ch.E. Thesaurus, which will then become 
the standard volume. 


Next in line—instant abstracts 


Concident with publication of the thesaurus, 
about mid-1961, the Institute publications will in- 
corporate the new style abstracts and indexing 
terms for each article in each issue. These are de- 
signed to self-classify each article for ready refer- 
ence and retrieval. The indexing terms use key 
words and phrases, grouped according to subject 
and area covered, to describe the article. Here is 
where the thesaurus will come into real service to 
avoid conflicts in individual's and companies’ util- 
izing the abstract-index concept. 

These actions do not imply that other indexing 
and abstracting methods are obsolescent or useless. 
Rather, it’s a step in the direction of making as 
much of the literature as possible adaptable to a 
universal information retrieval system. The versa- 
tility of the contemplated system means it can be 
expanded to fit in with future developments. 

The details on how the abstracts are developed, 
how they can be used, and the part the thesaurus 
can and will play in an information retrieval pro- 
gram will be covered at length in articles in CEP. 

The trend, already noted, is for more words to 
be spoken, written, and published. The companion 
action of the publications is to make sure these 
words, and data, are not sidetracked into the 
oblivion of a non-working index. 
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bg Will your materials preparation facilities measure 
up to the production and quality control standards that 
are already in sight for the ’60s? 

If you are in doubt and you mix dry solids, this 12-page 
bulletin is specifically designed to make you dissatisfied 
with “hit or miss’’ mixing practices. It reveals how con- 
trolled dispersion can be easily achieved in this era of high 


For more on mulling . . . 
See our advertisement in your 
CHEMICAL ENGINEERING CATALOG 


st 


purity—high uniformity raw materials. And, how it is be- 
write for a copy ing achieved by Mix-Muller users . . . processors who have 
of your new already realized that ‘“‘cement mixer technology” takes an 


expensive toll at today’s raw material prices. 


simpson MIX-MULLER®vwision 


NATIONAL ENGINEERING COMPANY 
652 MACHINERY HALL BLDG., CHICAGO 6, ILLINOIS 


HANDBOOK 
ON MULLING 
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Professionalism 
is a two-way 
street. 


€ For more information, circle No. 12 


IN NEVERENDING FASHION the subject 
of professionalism creeps into print, 
into discussions, and into thoughts. 
And rightfully so. For the attitude of 
the individual towards his job is truly 
all- {amr Dissatisfaction with it, 
or profession, can directly or in- 
directly affect a present or future ca- 
reer, disrupt an organization, and put 
a damper on home life. Regardless of 
the complaints of riding an editorial 
horse to death, professionalism is a 
subject which won't lie dormant. 

Latest analysis of the situation 
comes from some northern neighbors. 
The Association of Professional En- 
gineers of Ontario has come out with 
a treatise on “Professional Recogni- 
tion.” A key to the Canadians’ ap- 
proach is their awareness that such 
recognition is a two-way street, and 
oF have split their report down the 
middle. Half is directed to manage- 
ment; half to the professional engi- 
neer. Naturally, it behooves each seg- 
ment to read both sections. 


On the one hand 

Rapid industrial growth in Canada, 
says the APEO, has focussed much 
attention upon the profession, but un- 
fortunately the individual engineer 
has been overlooked. Result: frustra- 
tion, mass migrations of trained en- 
Pr from one plant to another, 

oss of efficiencies and economies. 

Management, where job hopping is is 

prevalent, often has not provid 

climate where engineers can work 
happily and effectively while retain- 
ing professional attitudes. Such a cli- 
mate says the APEO would include: 

1. Recognition of engineering as 
creative work. 

2. Breakdown of work to give the 
individual a feeling of respon- 
sibility. 

. Acknowledgment of achieve- 
ment by use of professional seal 
or on an individual's 
specific work. 
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The foregoing is a core, and em- 
braces factors in daily job routine. A 
long-range program would include: 

A. Facilities for group discussions. 

B. Employer-sponsored post-grad- 
ute courses. 

C. Upgrading of technicians, using 
professional engineers as in- 
structors. 

D. Encouragement of membership 
in professional and technical 
organizations. (Amen, Ed.) 

E. Management-engineer confer- 
ences for interchange of ideas. 

Other aspects, continues the APEO, 
would include a good communication 
system to keep engineers apprised of 
long-term planning and company pol- 
icy. The use of “Patent Waiver” is 
all too prevalent. If necessary, com- 
pany counsel should give an equal 
amount of thought to the protection 
of the employer and to the protection 
of the inventor. One point APEO 
didn’t touch on was the wholesale 
hiring of engineers in good times and 
wholesale firings during recessionary 
periods. 

On the other hand 


The engineer, however, can't sit 
back, point to some injustices, and 
use these as an excuse for not pulling 
his weight. He has to readily accept 
responsibility and show a professional 
attitude, says APEO. As an individ- 
ual, he is responsible for the success 
of his own career. He should get to 
know his company and the economic 
facts of industrial life. He should 
learn opportunities for advancement, 
opportunities for expansion, new 
products, and technical trends in in- 
dustry. In short, he can’t isolate him- 
self in his narrow specialty. When 
he has acquired a knowledge of mat- 
ters such as these, he has, in effect 
begun fulfilling his responsibility to 
himself as an engineer, to manage- 
ment as a professional employee, and 
to his profession. 
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Fig. 2453SG-—Large Stainless 
Steel 0. S. & Y. Gate Valve for 
150 W.P. Fully guided solid 
wedge disc. Also available 
with interchangeable split 
wedge disc — Fig. 2453DG. 


CORROSION-RESISTANT 


Fig. 2309—Large Flush Bot- 
tom Tank Valve for 150 W.P. 
Designed for fast draining. 
Disc opens into tank. Also 
available with disc open- 
ing into valve — Fig. 2310. 


Fig. 2433SS — Large Stainless 
Steel Swing Check Valve for 150 
W.P. Bolted flanged cap. In- 
tegral seat. Teflon disc and re- 
newable seat ring are available 
on special order and at extra price. 


Fig. 2107 — Small Stainless 
Steel “Y” Valve for 150 W.P. 
Flanged ends, but can be sup- 
plied with screwed or socket 
welding ends. Dime: ..uns 
conform to latest standards. 


To control the flow of corrosive fluids in the most severe 
services, Powell offers valves that have far greater corrosion, 
erosion, heat and wear resistance than ordinary valves. 


Among the many metals and special alloys in which these 
valves can be supplied are Stainless Steel, Nickel, Monel 
Metal*, Hastelloyt Alloys, Ni-resist*, Aluminum, and 


others to handle the acids, alkalies, organic solvents, and 
gases encountered in the Chemical and Process Industries. 


Just name your valve problem—Powell has the right valve 
to solve it. For complete information and literature, contact 
your Powell Valve distributor (there’s one in all major 
cities) or write directly to us. 


“Registered trade names of The International Nickel Company. tRegistered trade names of Haynes Stellite Company 


Powell... world’s largest family of valves 


THE WM. POWELL COMPANY + DEPENDABLE VALVES SINCE 1846 ¢ CINCINNATI 22, OHIO 


For more information, turn to Data Service card, circle No. 10 
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CEP 


J. H. Born, Jr., Foster Wheeler Corp. 


M. L.. Jonrs, Dupont 


Efficiency 


of a high 


temperature 


feature 


A blow-by-blow report on the actual 


vaporizer 


Lx view or 1 EVER BROADENING 
application of high temperature vapor 
> heating in chemical processing 
and the continuing need higher 
process temperatures, it is apparent 
that information on the performance 
and operation of the vapor generator 
or vaporizer is of utmost importance. 
Little data are available to indicate 
what conditions exist in the relatively 
small furnaces of such vaporizers. To 
obtain basic information of this type 
a series of tests were carried out in 
a natural circulation vaporizer, em- 
ploying Dowtherm® as the heat trans- 
er medium, operating with a vapor 
temperature close to 700°F. The pri- 
mary objectives were to determine 


the efficiency of the My tee the 


heat transfer rates in the furnace and 
convection sections, and the distribu- 
tion of the heat absorption between 
the furnace and convection sections. 
As an added consideration, these con- 
ditions were investigated with two 
distinctly different types of oil 
burners. 

The test program consisted of three 
phases (see box): performance, heat 
absorption, and metal surface temper- 
atures. Each phase comprised a series 
of three tests at one particular oper- 
ating load. The nee load was 
subsequently varied within the design 
ranges of the vaporizer to cover low, 
medium, and _ operating ranges. 
Hence, a total of nine test runs were 
* Dowtherm is a Registered Trade- 
mark of the Dow Chemical Company. 


with each type of burner. 
Figure 1 shows the general arrange- 
ment of the vaporizer and locates the 
test connections. 


Test methods 

The Dowtherm vaporizer tested is 
rated at a 6-million B.t.u./hr. output. 
The unit is a standard shop-assembled 
two-drum oil fired vaporizer. The fur- 
nace is 5 ft. wide and 9 ft. % in. deep 
from the burner wall to the target 
wall and varies slightly in height 
from the drum to the section furthest 


tests to evaluate the performance char- 
acteristics of a vaporizer employing an 
organic heat transfer fluid. 


from the drum, averaging about 8 ft. 
The furnace is lined on the side walls 
and the roof with 14 in. O.D. * #11 
B.W.G. carbon steel tubes on 2% in. 
centers. The target wall and the front 
wall have no heat transfer surfaces. 
The floor of the furnace consists of 
tile supported on the lower horizontal 
leg of the “D” tube of the furnace. 
(The name “D” tube from its config- 
uration with respect to the drums of 
the unit.) 

The convection section consists of 
1% in. O.D. tubes on the same center- 


Performance phase 
1. Ultimate analysis of fuel oil 
2. Heating value of fuel oil 
3. Determine exit gas tempera- 
tures 
4. Analysis of exit flue gases 
5. Measurement of fuel oil con- 
sumption 
6. Combusion air inlet tempera- 
ture 

Heat absorption phase 
1. Measurement of gas tempera- 
tures adjacent to inside and out- 
side furnace wall tubes at the 
burner centerline elevation, at 
five locations between the front 
and rear walls of the furnace us- 
ing a velocity thermo- 
couple probe. 
2. Analysis of aspirated gas sam- 
ples withdrawn from the furnace 


THE TEST PROGRAM 


at the same locations as Item 1. 
3. Measurement of furnace out- 
let gas temperatures and analy- 
sis of aspirated gas samples at 
five locations between the front 
and rear walls of the furnace. 
4. Measure the gas temperature 
leaving the convection section 
and analyze gas samples with- 
drawn from this area. 

Metal temperatures phase 
1. Install three thermocouples on 
the furnace face of four inside 
and four “D” furnace tubes; 
thermocouples located one 
above, one below, and one at 
the burner centerline. 
2. On one “D” furnace tube in- 
stall thermocouples at one-foot 
intervals along the full length of 
a “D” tube. 
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to-center distance as the furnace 
tubes. These tubes are expanded or 
rolled into the upper and lower drums 
and tie the drums together. The con- 
vection section is divided into two 
passes for the gas flow. The passes 
are separated by a vertical baffle sup- 
ported from the top of the lower 
drum, The gases leave the furnace 
and then pass through the bottom of 
the convection section, travel upward 
through the first pass, cross over the 
baffle, and pass downward through 
the last pass. 

The total surface in the furnace, 
based on the outside surface of the 
tubes, is 409 sq. ft. The total surface 
in the convection section is 1471 sq. 
ft. The furnace volume is 387 cu. ft. 

The initial series of tests employed 
an air atomizing burner in which only 
a portion of the total air required for 
combustion passes through the burner. 
The air was supplied by a turbo 
blower operating at a 16-oz. discharge 
— with a capacity of 1500 cu. 

./min. The oil supplied to the burn- 
ers was maintained at 7 to 15 lb./ 

.in. 

The second series of tests was con- 
ducted using a fast reaction type 
burner that employed both air and 
steam for atomization. The atomizing 
steam was supplied at 70 ~_. 


the air required for combustion passes 
through the burner. The turbo blower 
— air to the burner at 24-oz. 
discharge pressure and handled 1900 
cu.ft./min. The fuel oil e at 
the burner varied between 70 and 100 
Ib./sq.in., depending upon the firing 
rate. 

The air atomizing burner produced 
a rather long bushy flame that sub- 
stantially filled the furnace volume, 
whereas, the fast type burner pro- 
duced a short luminous flame that ex- 
tended no more than 4 to 5 ft. be- 
yond the burner wall. 

Three furnace probe points were 
located on the wall opposite the burn- 
ers. Two of the p were located 
on the same horizontal centerline as 
the burners and as close to the fur- 
nace side wall tubes as possible. The 
third probe position was located at 
the bottom of the furnace in front of 
the tubes forming the screen of the 
furnace outlet. These probe points 
were used to determine the gas tem- 
peratures and compositions at five 
points along the depth of the furnace. 
In the convection area, three addi- 
tional probe points were installed to 
obtain gas temperatures and compo- 
sitions. The front of the unit is con- 
sidered that wall on which the burn- 
ers are installed. An additional probe 
point located downstream of the va- 


half top view 


half plan section 


porizer outlet damper was used to 
determine the exit gas temperatures 
and composition. 

Thermocouples were installed on 
the furnace side of several tubes which 
outline the furnace. A total of 28 ther- 
mocouples were installed on eight 
tubes, Four of the tubes were the 
“D” tubes, and four were the inboard 
furnace wall tubes. The tubes on 
which the thermocouples were in- 
stalled were the 7th, 20th, 32nd, and 
45th tubes, numbered from the burn- 
er wall, The 32nd tube had thermo- 
couples spaced at 1-ft. intervals along 
the length of the “D” tube. The re- 
maining tubes had the thermocouples 
located 6 in. above and below the 
burner centerline on the side walls 
as well as above the burner on the 
roof tubes. 

Test instrumentation. Furnace tem- 
peratures were obtained using a wa- 
ter-cooled probe equip with a 
platinum-platinum, 10% rhodium ther- 
mocouple. Gas was aspirated past the 
thermocouple which was shielded 
from radiation by means of a Bureau 
‘of Mines Type E ceramic shield. Tem- 
peratures were recorded on a circular 
chart having a range from 1000 to 
2500°F, with 20°F subdivisions. 

The oxygen content of the samples 
was determined with an oxygen analy- 
zer and recorder manufactured by the 


Roman numerais indicate probe locations 
arabic numerals indicate stations across 
the width of the vaporizer 
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Figure 1. Orthographic sections of vaporizer showing test connections and burner locations. 
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Figure 2. Combustion curve for 
#6 fuel oil used in the tests. 


Bailey Meter Co. The recording chart 
had a range of from 0 to 10%, with 
0.2% subdivisions. 

Gas samples taken at three points 
across the width of the breeching 
were analyzed by an Orsat for carbon 
dioxide and oxygen. The ni 
was determined by difference. Gas 
ae were also obtained 
at these locations by the use of chro- 
mel-alumet thermocouples. The ther- 
mocouple emf's were determined by 
a potentiometer reading in millivolts. 

The fuel oil flow to the vaporizer 
was metered by an A. O. Smith Co. 
totalizing type meter. The meter was 
calibrated by weighing a metered 
quantity of oil. The fuel oil temper- 
ature was obtained by peening her- 
mocouples into the oil pipe lines at 
the burners. This type of thermo- 
couple was also to determine 
the condensate return temperature. 
The 10 20 30 40 50 60 7 80 90 100 
air pressures were obtained with wa- 
ter manometers. Percent excess air 

The pressures and temperatures at 
which the vaporizer operated were 
reported by several instruments: 

1, pressure gauge on drum (Bour- 

don tube) 

2. pressure gauge on outlet head 

er (Bourdon tube) 

3. temperature in upper drum (gas 

4. temperature in outlet header a 

(mercury thermometer) 

The four instruments indicated a tem- 
perature spread of 20°F. The maxi- 
mum temperature indicated by the 
mercury thermometer did not vary 
during the tests. The minimum tem- 
perature was read by the gas bulb 
in the drum. The pressure gauges in- 
dicated saturation temperatures be- 
tween the two extremes approxi- 
mately 5°F above the minimum tem- 

ature. For the calculations, the gas 
Pull temperature in the upper drum 
was used as the vaporizer saturation 
temperature. 

Data was taken once the furnace 
conditions were stabilized and the 
condensate return rate was constant, 
as indicated by a differential manom- 
eter, The temperatures in the furnace 
and convection sections were taken in 
sequence and in general this con- 
sumed the greatest centage of 
time and determined the duration of 
the tests. The excess air was not va- 
ried, for the unit was operated to hold 1200 
a particular furnace draft. During the 1000 


Figure 3. Furnace gas temperatures re- 
lating type of burner, load, and probe 2 2 2 2 
Position of probe in furnace, ft. 


Wet ond dry gas, Ib/Ib. fuel burned 


Percent CO.and Opin flue gas (by volume) 


position#2 
in furnace 


inboard side 


Temperature , °F 
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Figure 4. Convection gas temperature pat- 


tern: probe location No. 6. 


tests, intermediate oil flow readings 
were taken to check the rating at 
which the unit was Approx- 
imately 2 hr. were required to carry 
out each test and it was ible to 
carry out two tests some days. 


Calculation method 

Gas compositions determined at va- 
rious points of the vaporizer were 
arithmetically averaged to determine 
the average excess air at any probe 
location. It was not feasible to inves- 
tigate the gas flow distribution across 
the gas flow path to permit a weighted 
average composition to be calculated. 
The variation in oxygen percent from 
the front to the rear of the unit was 
not more than 1.2% at any one probe 
point. This average composition was 
used to determine the gas mass flow 
through the vaporizer. 

The gas temperatures measured co- 
incident with the gas compositions 
were plotted with respect to their 
locations within the furnace. Arithme- 
tic averages were used to determine 
the heat in the gases leaving the fur- 
nace. Since the gas flow distribution 
was not known, weighted averages 
could not be developed. 

The furnace absorption was deter- 
mined as the difference between the 
net available heat entering the fur- 
nace in the fuel oi] and combustion 
air and the sensible heat in the gases 
leaving the furnace. Since there was 


no air preheater on the unit, the heat 
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entering the furnace with the com- 
bustion air was negligible. The con- 
vection absorption was determined as 
the difference in the total heat ab- 
sorbed by the unit and the heat ab- 
sorbed in the furnace, 

The thermocouples installed on the 
hot face of the furnace tubes pro- 
vided a means of determining the tem- 
perature gradient through the tube 
wall to the main body of the flowing 
fluid. When compared to previous 
work, the heat transfer rate estab- 
lished in this way agreed favorably 
with that determined from the aver- 
age furnace absorption. 

The vapor generation rate was not 
measured during the tests thou 
data were obtained to establish t 
condensate return rate. A comparison 
of the unit efficiencies, calculated on 
the basis of input-output and heat- 
loss methods, did not show good 
aoseee. The condensate return flow 
obtained by the differential across a 


Melvin L. Jones is principal power engi- 
neer, Design Division, at Du Pont’s 
Engineering Department. He has been 
with the company since 1934. Cur- 
rently, Jones is working on design of 
power plants and related utilities for 
chemical plants. 


J. H. Born, Jr. is a graduate of Poly- 
technic Institute of Brooklyn, where 
he received a B.S.Ch.E. in 1 . Since 
then, he has been with Foster Wheeler 
in Service and Staff Engineering work. 
Born is chief staff engineer, Equipment 
Division, New York City. 


Figure 6. Furnace tube metal tem- 


one tube. 


pitot tube probably did not represent 
the rhc a duty. because the exact 
density and temperature of the ma- 
nometer fluid (a solution of cop 
sulfate) used in conjunction with the 
heat transfer fluid were not known. 
In addition, carryover and, on some 
occasions, freezing of the heat trans- 
fer fluid in the connecting lines, con- 
tributed to the difficulties. Hence the 
efficiencies based on the input-output 
method have not been considered to 
be representative of the true condi- 
tions. However, the differential pres- 
sure readings were used as a guide 
in establishing the operating load in 
conjunction with the fuel oil input 
when this was possible. 

The unit efficiency determined by 
the heat-loss method is based on the 
measured outlet gas temperatures and 
gas compositions. The outlet condi- 
tions were arithmetically averaged. 
The enthalpy of the flue gases was 
obtained from standard curves for #6 
fuel oil. The gas flows were deter- 
mined from a fuel oil combustion 
curve. 


Results 

A total of 12 tests each were car- 
ried out using the fast reaction type 
and the air atomizing burners. An ad- 
ditional series of three tests was 
conducted with the fast reaction type 
burner at substantially the same load, 
but at varying excess airs. All the tests 
were conducted while burning a #6 
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AIR ATOMIZING BURNER 
Figure 7. Comparison sections through 


fuel oil. During all tests both burners 
were in service and the maximum 
turndown obtainable was limited by 
the flame stability. The combustion 


mate of a sample of the fuel 


oil b during the tests. 

The gas temperatures measured 
during the tests are plotted as a func- 
tion of location within the furnace 
and the operating load on Figure 3. 
Each point represents an arithmetic 
average of three temperature measure- 
ments taken at the particular load. 

The variation of temperature from 
the front to the rear of the unit fol- 
lows a pattern very similar to the 
flame shape. The flame, when firing 
the air atomizing burner, travels the 
full depth of the furnace. As it 

towards the rear wall, it ™ 
out generating a conical surface. The 
fast reaction detoe has a very short 
visible flame length, of not more than 
half the furnace depth. 

The differences in the shapes of the 
flames influence the gas temperatures 
measured in the furnace. The temper- 
atures plotted on Fi 4 illustrate 
the more uniform and lower tempera- 
tures obtained with the fast reaction 
burner. This is apparently due to en- 
closure of the combustion reaction 
zone in a mass of rotating excess air 
and rapid chemical reaction between 
the fuel and air in the center core, 
with complete combustion obtained 
within half the furnace depth. 

The effect of the mass of rotating 
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Figure 8. Unit efficiencies at varying heat inputs. 


air surrounding the core exerts its 
greatest influence as a thermal bar- 
rier during the initial phases of com- 
bustion. Radiant energy is absorbed 
by this shield of air, reducing the 
radiant absorption to the surrounding 
heating surface to safe limits. By the 
time chemical reaction is com- 
pleted, the gases are transferring the 
greater portion of the energy by con- 
vection rather than radiation. 

The air om burner, employs 
all, or a portion of the theoretically 
required air, for atomizing purposes 
with the remaining portion induced as 
secondary air. In this instance, the 
chemical reaction requires additional 
time for completion. The greater part 
of this time is very likely required for 
air and fuel particles to intermix. 
However, since a relatively small por- 
tion of the fuel is reacting at any 
instant, the reaction rate will be slow- 
er, due to the fact that the reactants 
are surrounded by unreactive compo- 
nents that are absorbing energy and 
lowering the reaction temperature. 
Thus, . entire furnace is required 
for the chemical reaction to be com- 
pleted and the expanding high tem- 
— gases approach close to the 

ating surface. 

The above hypothesis is confirmed 
by a review of the tube metal tem- 
perature shown in Figure 5. Though 
the furnace gas temperature, meas- 
ured with the fast reaction burner in 
use, was considerably lower than 
with the air atomizing burner, the 
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furnace tube metal temperatures were 
generally higher. This was apparent 
in situations where the gas tempera- 
tures were as much as 400°F lower, 
indicating a large amount of radiant 
energy being transmitted through the 


relatively cool layer of gas. 

The thermocouples along 
the “D” tube of furnace show a 
definite decrease in metal tempera- 
tures in the area of the u corner 
bend. This would be expected be- 
cause this section of the element is 
further from the flame centerline. The 
temperatures along the roof section of 
the element were close to the tem- 
peratures measured along the vertical 

ion of the element. Both of these 
rtions of the element were approxi- 
the same distance the 
axial centerline of the flame. These 
temperature variations are illustrated 
in Figure 6. 

Figure 7 illustrates the principal 
construction differences between the 
two burners. Prior to use, the fast 
reaction burner was operated on 
a test stand and the results indicated 
that a short, rapidly whirling flame 
could be expected. This was borne 
out on the actual tests and the flame 
length did not exceed 4-5 ft. of the 
ten-foot furnace. 

The unit efficiency did not vary 
ety from one burner to the 
other. In both cases the unit efficiency 
ranged from 70% at low loads to about 
78% at high loads. It appears that the 
principal reason for the similarity of 
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the unit efficiencies was the close ap- 
proach of the exit gas temperatures 
to the saturation temperature of the 
fluid in the vaporizer. Gradual in- 
crease in unit efficiency with load 
would be expected. Figure 8 shows 
the variation of the unit efficiency 
with load for both types of burners. 

The furnace performance indicated 
that the furnace efficiency, Figure 9, 
is about 65% at full load, and in- 
creases. slightly at lower loads. This 
efficiency is slightly higher than usu- 
ally encountered and is probably due, 
in part, to the low heat release rates 
used when designing this type unit. 


The fast reaction burner has 
shown a 5% greater ace efficiency 
at the highest loads. This ter effi- 
ciency was obtained at expense 
of tube metal temperatures, Figure 5. 
Figure 10 shows the variation of fur- 
nace absorption rate with load, based 
on net heat available. 


Conclusions 


The measurement of the furnace 
temperatures with each of burner 
in use indicated that the reaction 
type burner operated with a consid- 
erably lower furnace temperature. 
This reduction in furnace temperature 
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Figure 9. Furnace efficiencies at varying heat inputs. 
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Figure 10. Furnace heat absorption rates at varying loads. 
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was accompanied by the following 


differences in operating conditions 
temperature: 1. higher excess air 2. 
atomizing steam. 

The lowering of the furance tem- 

ature in this way would normally 
7 expected to reduce the furnace 
heat absorption in accordance with 
the Stefan-Boltzmann relationship. 
However, the results indicated that 
the furnace heat absorption and effi- 
ciency with the fast reaction t 
burner were greater; probably ‘inte 
two additional factors: the rapid ro- 
tation of the flame mass and the con- 
centrated, highly-luminous core of the 
flame. No doubt, the rotational effect 
improved the convective heat trans- 
fer to the furnace walls because of 
the turbulence. The metal tempera- 
tures at the lowest part of the “D” 
tube side wall .elements indicated, 
Figure 6, to be due in part 
to these phenomena. The second 
factor is related to flame shape and 
intensity and would indicate that con- 
siderably higher radiative heat trans- 
fer is being obtained with the fast 
reaction burner. This may be 
due to a clearer furnace and higher 
reaction temperature at the core of 
the flame. It is conceivable that the 
core of this type flame more nearly 


* approaches a condition of stoichio- 


metry or zero- excess air, 
hence the higher reaction tempera- 
ture. 

The higher metal temperatures co- 
incident with the higher heat transfer 
rates are not without undesirable con- 

uences. In this particular situation, 
the heat transfer fluid, which is an 
organic material, will be more prone 
to thermal decomposition. In this 
case, the metal temperatures were 
not excessive and rations were 
maintained with this burner in ser- 
vice. 
In conclusion, the results of this 
investigation indicate that: 
1. The unit efficiency is approxi- 


mately 75%. 
2. The maximum furnace absorption 
rates ap 10,000 B.t.u./ 


(hr.) (sq. ft.) based upon the total 

tube hn ben in the furnace. 

8. The fast reaction type burner pro- 
duced a more uniform gas temper- 
ature for the full furnace depth 
and resulted in somewhat greater 
furnace efficiency. 

4. The fast reaction burner produced 
higher metal temperatures and can 
be utilized where high heat re- 
lease rates are desirable. 

5. At lower loads, where the flames 
from both burners approach simi- 
lar shapes, the furnace efficiencies 


approach each other. + 
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High temperature canned pumps 


Canned pumps offer design engineers advantages in high 
pressure and temperature heat transfer applications in 


the chemical processing and nuclear industries. 


Recent TECHNOLOGICAL PROGRESS 
in supplying heat to chemical and 
industrial processes, heating buildings, 
and cooling nuclear reactors has led 
to the wide use of various heat trans- 
fer liquids at relatively high tem- 
peratures and sometimes high pres- 
sures. Increased efficiencies are ob- 
tained and smaller systems can be 
used as a result of the high heat con- 
tent that is developed in the system. 
However, in order to obtain best re- 
sults, the following factors should also 
be present in the system. The fluid 
should have: excellent wetting prop- 
erties, low viscosity, freedom from 
gas and be noncorrosive to construc- 
tion materials, and be nonscale form- 
ing. 

system design factors 
are: turbulent flow, control of uni- 
form heat, sealed system, and safety 


precautions. 


High temperature water systems 
Designers of HTW systems rec- 
ognized that leakage would cause 
problems in pump location and re- 
duced efficiencies. Pumps having me- 
chanical shaft seals were found to 
ive considerable maintenance trou- 
le, require treated water make-up, 
increase floor space requirements, and 
necessitate the use of special safety 
guards and/or remote location of the 
pumps. As a result, canned pumps 
were selected to solve these problems. 
An advantage of canned pumps is. 
that it may be located close to operat- 
ing personnel, electrical equipment, 
or instrumentation without having the 
danger of leaks causing burns or 
shorts. The efficiency of the sys- 
tem can be maintained at a higher 
level because of the absence of scale, 
fouling, corrosion, and gas. Leakage 
causes fine deposits of scale and cor- 
rosion, as well as the need for treated 


water make-up. Oxygen in the sys- 
tem should be avoided due to in- 
creased corrosion at high tempera- 
tures. Because of this factor, water 
make-up in any part of the pres- 
surized system or elements should be 
kept to an absolute minimum. 

A suitably engineered HTW sys- 
tem that is pressurized and leakproof 

uires only a fixed water charge 
and a fixed gas pressure charge of 
a neutral, noncorrosive atmosphere. 
Water treatment may be required, 


but only at the initial fill. No blow- 
down is required and interval scale 
does not build up as in steam sys- 
tems. Initial start-up boils off oxygen 
and dissolved gases which are com- 
pletely vented off prior to pressuriza- 
tion. Efficient heat transfer is main- 
tained throughout the life of the sys- 
tem by the of leakage and 
the use of a pressurized system. 
Some engineering studies have 
shown that HTW systems are more 
efficient and less costly in annual 


Chempump installation in an atomic test loop at the Nuclear Division of the 


Martin Co. used to circulate demineralized water at 650°F 
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owning and operating costs than 
steam systems (1). The comparative 
figures will obviously vary with the 
system size and pressure. However, 
HTW systems eliminate or reduce dis- 
advantages of steam systems which 
include: 

1, Condensate return lines, deaera- 
tor equipment, blowdown systems, 

essure regulating valves, traps, and 
eed water treatment. 

2. Fluctuations in heat load and 
distribution that reflect themselves 
back to the boilers causing unsteady 
firing rates, 

8. Scale build-up and corrosion 
with resultant reductions in heat and 
fluid flow efficiencies. 

The higher heat content of water 
at 400 degrees compared with water 
at 180 degrees requires much less 
actual Piping to supply the same 
quantity of heat. Smaller pipe and 
equipment may be used and black 
iron pipe is suitable. Obviously, in 
most industrial systems the initial 
cost is lower. Surveys taken in a 
number of industrial and government 
installations have shown savings in 

ration and maintenance amount- 
ing to 16-19% per year. 

Closed systems were used in order 
to minimize fluctuations in system 
pressures, temperatures, heat content, 
and corrosion, Pressurization in a 
closed system is arranged (by way 
of no leakage) to detect average 
heating loads and to translate them 
into controlled, steady firing rates 
which improve combustion 
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excess flow shut-off valve 


Figure 1. Flow diagram of a typical pressurized high temperature water system showing application of canned pumps. 


Steam will not form regardless of 
temperature change. Thus, dissolved 
oxygen, make-up water, water treat- 
ment, and corrosion are reduced to 
a minimum; while heat transfer effici- 
ency is maintained at a high level. 

A typical HTW system (2) is 
shown in Figure 1, This is a sim- 
plified system which can be increased 
in size and augmented with auxiliary 
equipment for industrial processes. 
HTW systems usually include main 
<p pumps which are located in 

e return lines to the regenerators. 
Booster heaters and pumps are used 
in remote branch circuits to provide 
a flexible system and take care of 


various loads. Low pressure steam 
boilers are used with HTW as the 
heat source to provide auxiliary steam 
requirements. 


Organic fluid systems 

Modern industrial processes use 
closely controlled heat at high tem- 
peratures for a wide variety of opera- 
tions. Prior to the advent of organic 
heat transfer fluids, steam or- 
dinary mineral oils were used. How- 
ever, the necessarily lower tempera- 
tures resulting from the use of these 
fluids reduced heat contents. For in- 
stance, steam at 700°F—an efficient 
heat transfer temperature—has the 
disadvantage of a crushing pressure 


ciency. Cutaway view of series T canned pump for high temperature leak-proof pumping. 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 7) 


| feo! \& on low water 
[process vessel ili 
" TIC, © _ generator 1G, 
= waive = = | 
L_unit heoters by-pass = tow meter 
rehef 
a 
= ><] > No 3. 
(7 gOS% sediment separator 
j O drain 
by 
7 
' 
4 
4 
Ahi 
= 


of 3000 Ib./sq. in. Vessel and jacket 
wall thickness must be heavy and 
consequently are expensive. 

Todays stable organic heat transfer 
fluids replace steam and give better 
efficiency, control, safety, and main- 
tenance costs, Organic heat transfer 
fluids have low vapor pressures, good 
stability at high temperatures, and 
low surface tension with excellent 
wetting properties. Low surface ten- 
sion, however, presents the disadvan- 
tages of leakage, fluid loss, contamina- 
tion, and maintenance. These prob- 
lems are minimized by using a canned 
pump when handling organic heat 
transfer fluids. 

Typical fluids are Dowtherm (Dow 
Chemical), Arochlor (Monsanto), and 
S/V 600 (Socony Mobil). Such fluids 
as these offer better heat stability, 
more accurately controlled heat trans- 
fer because of more heat content, 
improved specific heat, and better 
wetting qualities. For instance, Dow- 
therm A at 600°F has a saturation 
pressure of 46 lb./sq. in. abs. com- 
pared with 1540 Ib./sq. in. abs. for 
steam. It may be used either in the 
liquid or vapor phase to transfer heat. 
With a condensing vapor, all the 
heat is transferred at the saturation 
temperature of the vapor and the 
entire heat surface is maintained at 
the same temperature. 

Since these liquids have excellent 
wetting properties and low viscosities 
in the heating range, they are difficult 
to contain in the usual manner. They 
are relatively expensive and in some 
cases escaping vapors may be toxic 
or have offensive odors. Canned 
pumps not only eliminate these prob- 

ms, but also go further and prevent 
contamination of the fluid, since no 
oil or grease lubrication is required. 
Likewise, systems under vacuum do 
not run the risk of drawing air into 
the liquid through a leak in the pack- 
ing gland or 

Heat loss is minimized during fluid 
passage — canned pumps since 
they are smaller in size than similar 
conventional units and the fluid flows 
through faster due to higher pump 
speeds. Special design modifications 
are used to minimize connections be- 
tween pump and motor parts and to 
allow complete air removal at start- 


Additional savings are accrued by 
users of canned pumps for heat trans- 
fer fluids through the elimination of 
a major portion of the installation 
costs normally encountered with a 
standard pump motor unit. With a 
canned pump, in many cases, a base 
or a concrete pad is definitely not 
required, In fact, in many heat trans- 
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Figure 2. Simplified flow sheet of an organic vapor heat transfer system where 
canned pump is used for transferring condensate from receiver to vaporizer. 


Actual installation of a sealless canned pump mounted under condensate re- 
ceiver for handling Dowtherm A at 600-700°F used to transfer heat to process 
equipment. 
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fer applications the pumps are per- 
mitted to move as the piping expands 
and contracts and thus eliminates the 
problem of expansion joints to protect 
the pump castings. 


Organic vapor system 

A typical example of a vapor sys- 
tem is shown in Figure 2 where 
the liquid medium is heated and 
converted to vapor either directly 
in a boiler or in auxiliary heat ex- 
changers. The vapor then flows to 
the process vessels (usually jacketed 
kettles) where the heat is given up 
and the condensate flows back to 
the condensate receiver. Here the 
Chempump usually takes suction from 
the receiver and returns the condens- 
ate to the boiler or reheat exchanger. 
The pump delivery is normally con- 
trolled by a tiow or level control sys- 
tem on the receiver to meet the boiler 
demand. 

As to the level changes in the re- 
ceiver, a valve alternately opens and 
closes to maintain proper level. In 
some systems the pump is started 
and stopped by the level, while in 
other systems the pump is operated 
as the high and low limits are reached. 
On most systems, however, the pump 
runs continuously and it is possible to 
operate against a closed discharge 
valve for an appreciable length of 
time. To insure maximum operating 
life, where long periods of operation 
against shut-off are encountered, a 
by-pass system should be incorpo- 
rated. In large systems, where there is 
a large quantity of condensate, op- 
eration at shut-off is rarely encoun- 
tered. 

All of the advantages previously 
mentioned account for the increasing 
use of canned pumps in organic heat 
transfer liquid services. With the con- 
tinued research, development, and 
design changes currently being con- 
ducted on the canned pump, more 
and more companies are going to this 
method of pumping these difficult 
liquids. 


High pressure and temperature 
Several process applications of 
pumps are in services where the tem- 
perature range varies from 300 to 
800°F and the system pressures range 
from an almost perfect vacuum up 
to 5000 Ib./sq. in. gauge. In some 
cases, these extreme variations in 
pressure and temperature are en- 
countered during a single phase of 
the over-all operation. The sealin 
problem encountered in covering su 
wide situations was one of the major 
reasons which led to the development 
of the canned pump. 
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The nuclear industry has in general 
been one of the major fields of ap- 
plication for this type of pump and 
the one which has given it its impetus 
for rapid development. The mainte- 
nance of extremely high purity of the 
primary loop water has been found 
desirable in all pressurized water re- 
actors. This is generally accomplished 
with a by-pass purification system in 
which a portion of the primary water 
is removed, purified, and recirculated 
back to the main primary loop. Here 
a canned pump eliminates contamina- 
tion while pumping this high purity 
water through a mixed-bed deminer- 
alizer circuit. 

These pumps are also used in heavy 
water moderated reactors where purity 
must be maintained to minimize cor- 
rosion and retain neutron economy. 
Purity is again obtained by using a 
by-pass purification flow through a 
mixed resin bed. 

Due to the cost of heavy water, 


canned pumps should be used to 
handle the heavy water product, as 
well as in process streams where 


mixtures of light and heavy water 
are being enriched and/or separated. 
Heat exchange must be carefully con- 
trolled in these applications. 

Another application for these pumps 
is in nuclear powered submarines. 
Here canned pumps are used on the 
primary and secondary loop, as well 
as for decay heat removal purposes. 
Here again, the requirement of no 
leakage of this dangerous material and 
freedom from contamination is a must 
and again points out the requirement 
for a canned pump. 

Equipment such as valves and heat 
exchangers which ultimately go into 
atomic powered installations are de- 
veloped and tested by means of cor- 
rosion test loops. A typical loop used 
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for testing heat exchangers or nuclear 
valves would encompass a high pres- 
sure piping system in which the equip- 
ment to be tested would be mounted 
and a canned pump used to circulate 
the demineralized water at tempera- 
tures in the range of 600°F and pres- 
sure of 2500 Ib. Such loops enable 
companies to test and modify equip- 
ment so that when the components 
are used in the ultimate power plant 
their operation has been predicted 
successsfully. Here again, the high 
temperature and pressures encoun- 
tered in such tests make the canned 
pump a necessity. 

There are many additional areas 
in the nuclear field where canned 
pumps have been successfully em- 
ployed and undoubtedly many more 
applications will be developed in the 
future. 

The major advantage of elimination 
of sealing and leakage problems has 
made the canned pump an intriguing 
as well as an attractive piece of equip- 
ment for the processing industry. To- 
day, it is in its infancy in relation 
to its ultimate field of application. The 
next ten years will undoubtedly see 
a rapid expansion for this type of 
equipment throughout the processing 
and nuclear industries. 


Pump design tips 

Experience in these three types of 
systems has shown that there are 
some points to remember, as follows: 

1, Express en wy drop data in 
feet of fluid flowing at the design 
temperature. Using lb./sq. in. can 
lead to pitfalls due to lowered spe- 
cific gravities and viscosities at high 
temperatures. 

2. Avoid the general practice of 
adding 20% to the design capacity and 
head. This can lead to excessive pump 
sizing, costs, and inefficient operation. 
Impellers should be sized for the nor- 
mal rating. 

8. Install pressure taps or gauges 
in suction and discharge side of the 
canned pumps, particularly in welded 
piping systems. This can save costs in 
operation and maintenance. 

4. Insure that system and pump 
are vented several times at start-up 
to remove all gas. Never vent under 
vacuum conditions. 

5. Design systems for the highest 
practical temperature within limita- 
tions of the fluid used and the equip- 
ment. This reduces capital and operat- 
ing costs. 


LITERATURE CITED 


1959). 
2. Ziel, P. H. and J. S. Blossom, ASHRAE 
Journal, (Nov. 1959). 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 7) 


3 
{ 
d P 
Fell Thornton 
| 


PLASTIC EXCHANGERS 


J. M. Weaver 
Bechtel Corp.* 


Plastic 
film 


heat exchangers 


Substitution of. plastics for metals in 
heat exchangers offers interesting tech- 
nical and economic potential. 


Puasrics, UNLIKE METALS, do not or- 
dinarily react with dilute acids, bases, 
or salts. This fact suggests interesting 

sibilities for their use as heat trans- 
er surfaces since new, tough plastic 
films with improved properties are 
being developed each year. Their 
costs are only cents/sq. ft. compared 
to dollars/sq. ft. for metals. The con- 
ductivity of plastics is much less than 
that for metals, but the lower cost 
and thin wall potentials of plastics 
more than compensate for the lower 
conductivity. 

Plastic film, like all materials, has 
certain physical and chemical limita- 
tions. Probably the most important 
limitation of plastic film for use in 
heat exchangers is its inability to re- 


* Weaver was with National Alumi- 
nate when this work was performed. 


sist a continuous pressure normal to 
its surface under certain combinations 
of pressure and temperature without 
permanently distorting the film. 
Therefore, a successful plastic film 
heat exchanger must have little 
o' no pressure differential normal to 

surface. When a slight pressure 
sign of the heat exchanger, then the 
film must be supported at very short 
intervals. 


Costs of exchanger materials 

If a given amount of heat is trans- 
ferred in a given time through a given 
AT, the comparative costs of two 
different materials such as plastic and 
metal are given by the formula 
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Figure 1. Spirally wound plastic evap- 
orator made to test fabricating tech- 
niques. 


where terms are defined in the Nota- 
tion. A derivation of this equation is 
shown in this article. 

The unit values for 0.002-in. poly- 
ester film and 0.5-in. Monel tubing 
(least expensive Monel tubing per 
sq. ft.) are as follows: 

MOoNeEL POLYESTER 
C», $6.80 Cy $.02 
15.0 k, .088 
x, -008 x, -002 
Substituting these values in the above 
equation gives 


The cost of Monel tubing is about 
eight times as much as the cost of the 

lyester film for heat transfer sur- 
aces of the same mg Since the 
condensing film and the liquid film 
coefficients, and not thermal conduc- 
tivity, are generally the controlling 
factors to heat flow, the comparison 
becomes even more favorable for 
plastic film. 

Plastic film cannot be used effi- 
ciently with high heat flux densities. 
Therefore, with relatively low heat 
flux densities it is necessary to com- 
pact a large heat transfer surface into 
a unit of volume to obtain high heat 
transfer capacity per unit volume. 
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Assume the use of a 0.002-in. thick ¥ 


polyester film as the heat transfer 
surface. With a beat flux density of 
500 Btu./(sq. ft.) (hr.) the tempera- 
ture drop ——- the film will | be 
0.95 °F. If this film is spaced 0.2 in. 
apart in a plastic film heat exchanger 

e will be 60 sq. ft. of film per cu. 
ft. of volume. Since 500 Btu will 
evaporate one-half pound of water, 
the evaporator will have a capacity of 
30 Ib./(hr.) (cu. ft.) with a tempera- 
ture drop through the film of less than 
1°F. This capacity compares favor- 
ably with that of metal evaporators. 


Plastic heat exchangers 


A number of different types and 
designs of heat exchangers are pos- 
sible using plastic film. One such de- 
sign has been described, built, and 
tested by Maria Telkes for the Office 
of Saline Water (1). The Telkes 
multi-effect still consists of ten paral- 
lel vertical polyester films mounted on 
frames and spaced one-half in, apart 
on both sides of a central heat source. 
The liquid to be evaporated is dis- 
tributed across the outer top surface 


air tube 


drain tube 


steam 


Figure 2. Falling film evaporator fab- 
ricated from plastic materials. 
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of each film by means of a porous 
fabric cemented to the outer surface 
of the film. The sum of the water 
vapor pressure and the air pressure in 
each effect equals atmospheric pres- 
sure. 

Heat flows from the central heat 
source successively through each 
effect. Water evaporates from the 
porous fabric, diffuses through the 
air space and condenses on an 
adjacent condensing surface where it 
runs down into a trough and is col- 
lected. 

Telkes reports that after several 
weeks of continuous operation using 
sea water, the evaporator layers “.. . 
were entirely free of salt deposits” 
and that “There was no difference in 
the appearance of the flannel on the 
first stage operated at the highest 
temperature (maximum 200°F) and 
the last stage.” The distillate to con- 
centrate ratio was as high as 1.38. 

Evaporation occurs from the sur- 
face of the porous evaporator layers 
without boiling. This, combined with 
the low heat oy appears to 
be the reason why no deposits were 
formed. 

The chief limitation of this design 
is its low capacity. The outer effects 
which have a high air to vapor ratio 
act as a bottleneck to heat transfer 
for the whole still. 


Spirally wrapped evaporator 


A more efficient form of this diffu- 
sion type multi-effect evaporator 
would be one consisting of plastic 
film spirally wrapped around the heat 
source with at least one vertical parti- 
tion per wrap to inhibit convection 
currents between the different effects 
(Figure 1). In this design the outer 
effects have progressively larger sur- 
faces to help compensate for their 
progressively lower heat transfer co- 
efficients. Also, there is no problem 
of heat and vapor leakage at the 
vertical edges as there is in the flat 
frame still. 

The spirally wrapped evaporator 
could be fitted compactly into a steel 
cylinder and could be operated at 
pressures other than atmospheric. If 
this evaporator is operated with 
145°F in the first effect and 70°F in 
the last effect, the still could be _= 
ated at approximately three Ib. a 
lute pressure. This would remove 
most of the air from the outer ef- 
fects and would greatly improve the 
over-all heat transfer. An estimate of 
this improvement in heat transfer in 
the space between the evaporating 
surface and the 
of the outer effect can be s by 


the following analysis. 


The diffusivity of one gas in an- 
other varies inversely with the abso- 
lute pressure (2). Diffusivity in the 
case of water vapor should be pro- 
portional to the feat transfer coeffi- 
cient U because a definite quantity of 
water vapor transferred represents a 
definite quantity of heat transferred. 
Therefore, 

D; 

= =— = 4. 

A factor of 4.9 is a very worth- 
while improvement in heat transfer 
coefficient. 


Circulating air-vapor evaporator 
Another type of non-boiling evap- 
orator that could effectively utilize 
the properties of plastic film would 
be a circulating air-vapor evaporator, 
one end of which would be hot and 
the other end cold. It could be oper- 


ated at any pressure in a closed 
vessel, The tic film could be 
fabricated suspended as long, 


flat tubes, the axes of which are 
horizontal. The outside of the tubes 
would be wetted with a flowing film 
of liquid to be evaporated. The in- 


film tubes 


condensate out 


cooling water out 


Figure 3. Section of surface conden- 
ser showing where plastics might be 
used. 
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side of the tubes would be a con- 
densing surface. 

The saturated vapor moves inside 
the tubes from the hot end to the 
cold end condensing as it goes. At the 
cold end it is cooled an additional 
few degrees by a surface condenser. 
The cold saturated air returns on the 
outside of the tubes to the hot end 
of the evaporator and is heated on 
the way by contact with the evapo- 
rating liquid. There is counter cur- 
rent heat exchange between the con- 
densing vapor and the evaporating 
liquid. 

The heat added at the hot end 
and withdrawn from the cold end 
maintains the condensing surface at 
a slightly higher temperature than 
the evaporating surface. This causes 
the heat of condensation to flow 
through the wall of the heat transfer 
surface and to evaporate the liquid 
on the evaporator side of the surface, 
thereby achieving a multi-effect use 
of heat. 

The outside surface of the plastic 
tubes could be coated with asbestos 
fines causing the liquid to distribute 
itself uniformly. The efficiency of 
this evaporator would depend on the 
circulating rate of the vapor, but by 
assuming a modest AT across the 
surfaces, one pound of steam should 
evaporate many pounds of water. 

A spacer such as crimped Monel 
mesh would have to be used either 
between the tubes or inside the tubes 
depending upon the location of the 
circulating fan. Crimped Monel wire 
mesh (0.009 in.) would increase the 
cost of the heat transfer surface about 
$0.17/sq. ft. This cost is still much 
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less than a sq. ft. of alloy tubing. 

Advantages to be ted from 
this evaporator are (1) a multi-effect 
use of heat within one shell, (2) high 
heat transfer rate per unit of volume, 
(3) evaporation without boiling to 
eliminate or minimize scaling. 
Falling film evaporator 

An experimental falling film evap- 
orator as shown in Figure 2 was built 
with 200 sq. ft. of surface area best 
described as a spiral channel with a 
crimped wire mesh spacer to hold 
apart the sides of the channel. The 
bottom of the channel is sealed with 
3/16 in. square braided asbestos and 
synthetic rubber. The channel is 
drained by plastic tubing outlets. The 
evaporator is made from one continu- 
ous piece of polyester film. The feed 
is distributed over the inside of the 
channel surface by means of the 
crimped wire mesh and a coating of 
asbestos fibers. The film is spaced 0.2 
in. a so that a cu. ft. of eva 
pote vd 60 sq. ft. of surface. the 
evaporator is mounted in a light steel 
frame. 


by the equation: 
Cm CmAm 
= —— (1) 
C, 


from which 
Am 
A, at, (3) 


Cc, 
C, Cokm%y 


Derivation of Relative Cost Formula 
The relative cost for metal and plastic heat transfer surfaces is given 


For heat transfer surfaces of the same capacity, 


(2) 


Substituting (3) into (1) obtain the relative cost formula 
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PLASTIC EXCHANGERS 


Potential plastic applications 

It would seem possible to build a 
successful liquid-liquid heat exchang- 
er in the form of horizontal tubes or 
channels with flattened vertical sur- 
faces provided velocities were low 
and spacers were used in the passages 
of the lower density liquid. Overflows 
could be installed in the ends of the 
heat exchanger so that both liquids 
could be maintained at the same 
levels. 

Plastic film might also be used in 
a surface condenser as shown in Fig- 
ure 3. Water would fall through a 
flat tube of plastic film at any desired 
velocity. The velocity depends upon 
the width of the slotted orifice at the 
top. A film of water falling at a rate 
of 3 ft./sec. is about 3/32 in. thick. 
The film thickness is uniform appa- 
rently because the work of friction 
exactly balances the work done by 
gravity in each section. 


NOTATION 
A,, = area of metal heat ex- 


chan 
= area me plastic heat ex- 


changer 
= cost plastic heat ex- 
changer 
Cu = cost metal heat ex- 
changer unit of area 
Cy = cost of plastic heat ex- 
changer per unit of area 
D, = diffusivity at 3 pounds pres- 
sure, sq-ft./hr. 
D.,, = diffusivity at atmospheric 
pressure, sq.ft./hr. 
= metal thermal conductivity, 
B.t.u./(hr.)(sq.ft.)(°F /ft.) 
plastic thermal conductiv- 
ity, B.t.u./(hr.)(sq-ft.) 
(°F /ft.) 
rate of heat flow, B.t.u./hr. 
finite temperature difference 
heat transfer coefficient be- 
tween evaporating and 
condensing surfaces at 3 
Ib. B.t.u./ 
(hr.)(sq.ft.)(°F 
tween evaporating and 
condensing surfaces at 
atmospheric pressure, 
B.t.u. /(hr.)(sq-ft.)(°F) 
Gu = thickness of metal surface 
S thickness of plastic surface 


A 

chan 
= cost heat ex- 
Cc 


b 
| 
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Economical drying of solids 


The practical approach to drying problems. How to figure dry- 


Davie IS EXPENSIVE COMPARED to 
other unit operations. However, when 
drying cannot be avoided it is desir- 
able to dry the material as rapidly 
and as economically as possible. Be- 
cause heat for drying solids must be 
transferred through an air film to the 
solid and because upon evaporation 
the vapor must also be transferred 
across an air film, drying, at best, is 
slow. Most of the costs associated 
with the drying of solids can be at- 
tributed to the low transfer rates 
across the air film and in the interior 
of the solid. If water can be removed 
from solids by any mechanical means 
it is preferable to do so to reduce 
the over-all cost. 

Some drying uire s 
cial treatment. But, e other 
hand, a large number al materials 
require no special treatment. This 
article will be restricted to methods 
of drying the last-named materials. 
For convenience, it is desirable to 
consider driers primarily as heat 
exchangers. 


Constant drying conditions 

When a sufficiently wet solid object 
is placed in a current of hot air, mois- 
ture evaporates from its surface and 
is transferred as a vapor through the 
air film that covers its surface. The 
heat necessary for the evaporation 
must come from the air current, after 


an initial during which the 
drying soli ches an equilibrium 
temperature. Heat is 


through the surface air film to the 
wet surface. 

As long as the solid remains wet 
on the surface its equilibrium tem- 

rature is identical with the wet 
bul ulb temperature, if the heat trans- 
fer area and the mass transfer area 
are the same. It is undesirable to dry 
solid particles in a solid bottom tray, 
because this reduces the rate of va- 
porization unnecessarily. 

During the time the surface re- 
mains wet, the drying rate remains 
constant; and this rate can be pre- 
dicted, although not accurately, fn 
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ing times and drier sizes for rapid drying of solid particles. 


empirical equations (1, 2). Rate co- 
efficients from these two sources dif- 
fer by a factor of 7, indicating dif- 
ferences in the air flow pattern over 
the surfaces of the solids and also 
the uncertainty in the actual surface 
area under test. Rate equation for the 
constant-rate rt omy may be written 


_ MT — te) 
a) 


This equation may be used with 
experimental data taken under con- 
stant-drying conditions to obtain an 
accurate value of the convection co- 


R, = 


Material supplementary to this article 
has been deposited as Document No. 
6309 with A. D. I. Auxiliary Publi- 
cations Project, Photoduplication 
Service, Library of Congress, Wash- 
ington 25, D. C. Photoprints or mi- 
crofilm obtainable by remitting $1.25 
in advance, or checks or money 
orders payable to: Chief, Photodupli- 
cation Service, Library of Congress. 


efficient of heat transfer h consistent 
with the value of area A being used. 
The proper value of A to be used is 
frequently uncertain, but the product 
hA should be correct if b on an 
experimental test. 

The mass velocity of air past the 
solid should be the same as that to be 
employed in the commercial drier; 
otherwise, it will be necessary to ex- 
trapolate the convection coefficient ac- 
cording to some power function. This 
in turn requires the air flow pattern 
to conform to some recognizable pat- 
tern for which the er function 
is known. McCabe and Smith (2) 
suggest that this varies between the 
0.37 and 0.80 power. 

When the object has dried suffi- 
ciently, the ca ilery structure of the 
solid can no longer bring water to 
the surface in quantity sufficient to 
keep the surface completely wet. One 
or more of several phenomena may 
develop at this point (3). 

Coarse capillaries. If the capillary 
structure is uniformly coarse, as in a 


bed of coarse sand, capillary forces 
are weak; gravity draws water down- 
ward and its the top surface of 
the bed to dry sooner than the bot- 
tom surface. Clearly, it is more im- 
ant to dry from the bottom than 
om the top in this case. Further- 
more, as will be shown luter, stirring 
the bed and exposing individual par- 
ticles to the drying air is important 
if the drying rate is to be kept high 
until the material is nearly dry. 

Individual particles of silica sand 
have no significant capillary structure; 
so, if individual particles can be dried 
out-of-contact with one another, the 
rate will remain constant almost to 
the end of the process (4). It is 
important to take advantage of this 
fact. 

Nonuniform capillaries. If the 
ore structure is nonuniform, 
small capillaries suck the coarse ones 
dry. In this case the drying rate = 
pears to decrease, but actually 
moist surface area steadily decreases. 
This situation has been called the 
funicular state (5). It can usually be 
avoided. For example, it occurs if 
coarse particles having a fine porous 
structure are piled together; but the 
drying rate can be kept at a high 
constant rate level much longer if 
the individual particles are dried free 
of contact with one another. If the 
funicular state persists for a consider- 
able time, the drying rate-free mois- 
ture curve of the material will ex- 
hibit breaks at two places. 

Salts in capillaries. If the moisture 
in the drying object contains dissolved 
salts, evaporation at 
openings may cause a d it o 
tals at these points, further ti ta 
the capillary openings. The capillary 
forces then become quite intense. If 
the solid structure does not fail, 
the continued evaporation eventually 
leads to a condition where the liquid 

naps back a distance into the interior 
then retreats steadily toward the 
center of the solid. In this case, there 
will be a very sharp drop in rate at 
the critical free-moisture point. 
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DESIGN 


In many instances the capillary 
structure is small enough, or the struc- 
tural characteristics of the solid are 
so weak, that structural failure occurs. 
For example, when grapes are dried 
they shrivel to the wrinkled forms we 
call raisins. 

Colloidal capillaries. Colloidal ma- 
terials possess extremely fine capillary 
structures so that the capillary force 
developed in drying is particularly in- 

. tense. Furthermore, the moisture is 
held tightly to the solid by forces 
more nearly chemical in character than 
physical. When the falling rate period 

. is reached, the moisture concentration 

gradient in the interior of a colloidal 

solid varies gradually instead of 
sharply. If, however, the solid exists 
as very thin flakes, the falling rate 


a4 


o2 Q3 


al 


content of various shaped solids. 


F Free-moisture content, ib. moisture ib. dry solid 


Orying time, minutes 


tions, the results are reasona 


factory. 


o6 O7 


period becomes less important, and 
the following rate equations are not 
seriously in error. 

Nonhygroscopic materials. Nonhy- 
— material behaves differently 
rom colloidal, When the falling rate 
period is reached, there is a moist 
central zone having almost uniform- 
ly high moisture concentration and a 
i zone near the surface having al- 
most uniformly low moisture content. 
There is a plane of vaporization be- 
tween these zones where moisture 
concentration rises steeply from one 
level to the other. Since it is prac- 
tically impossible to dry colloidal ma- 
terials rapidly, consideration will be 
restricted to less hygroscopic ma- 
terials. 

Dry surface. When the entire sur- 


face of a drying solid object goes dry, 
the liquid content is held in a central 
zone beneath the surface by capillary 
forces. This condition is called the 
pendular state (5). The resistance to 
heat and vapor transfer is increased 
to include the dry portion of the solid 
as well as the air film. Conse uently, 
the drying rate decreases. The rate 
equation must be modified to include 
the additional resistance. 


— ty) 


To simplify the analysis Equation 2 
assumes that the wet part of the solid 
interior remains at the wet bulb tem- 
perature. Measurements with buried 
thermocouples indicate that this in- 


op 10 
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Figure 1. Shape factors as functions of free moisture 
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Figure 2. Free moisture content as a function of M. The 
M factor can increase to infinity as F approaches zero. 
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Figure 3. Free moisture content as a func- 
tion of drying time. If an average value 
of M is used in the time of drying equa- 
bly satis- 
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terior zone does actually rise slightly 
above the wet bulb temperature; but 
in several solid objects tested, this 
rise was slight (3, 6). 

Before Equation 2 can be integrated 
it is necessary to express the distance 
L and the average area A,, in terms 
of the free-moisture content of the 
material (7). This depends upon the 
shape of the solid particles. In the case 
of spheres of radius X having a wet 
zone of radius x the free-moisture 
content is proportional to the cube of 
x, assuming that moisture content is 
uniform. It is also known from heat 


transfer th that the geometric 
mean area should be used for spheres. 
For long cylinders of radius X with 


a wet zone of radius x, the logarith- 
mic mean area is used. And for slabs 
whose half-thickness is X with a wet 
zone whose half-thickness is x, there 
is no need to average the area. Hence 
the expression LA/A,, becomes: 


spheres; = X(WF./F—-1) 


cylinders; = 


@) 

To develop equations for drying 
time, the dry weight of solid material 
D and its free-moisture content F 
must now be introduced. The weight 
of moisture removed is given by the 
differential equation 

dW = DdF (4) 
Before this can be integrated, the 
datum level of equilibrium moisture 
content must be established. It is 
well known that the absolute equilib- 
rium moisture content of solids varies 
with the temperature and humidity 
of the drying air (8). No completely 
satisfactory way is known to combine 
these factors. Furthermore, hysteresis 
occurs when some solids are dried and 
then rehydrated. Fortunately, it is not 
necessary to know the residual mois- 
ture content of a solid at equilibrium. 

In a “constant conditions” drier the 
level of moisture at equilibrium is 
designated zero free-moisture content. 
And the various sample weights at 
successive times are related to the 
sample weight after a very long time 
of exposure. 

In continuous driers the tempera- 
ture and humidity of the air vary. 
Since the level of zero free-moisture 
is most important at the end where 
the dried solid emerges, air at this 
point should be used to find the 
equilibrium weights of samples of in- 
put and output solids. Alternately, the 
air temperature and humidity should 


slabs; 
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be duplicated in the drier used to dry 
input and output samples to equilib- 
rium. Failure to do so has sometimes 
led to the erroneous conclusion that 
the commercial drier has produced 
solids with a negative free-moisture 
content. 

In the case of hygroscopic solids it 
is important that experimental tests 
and commercial runs be based on the 
same datum level of free-moisture 
content. Otherwise, there could be a 
shift in the level of the critical free- 
moisture content too large to ignore. 
If the datum level of free-moisture 
content of a particular solid is not 
changed, the critical free-moisture 
content is fixed by the capillary struc- 
ture and it is not affected by changes 
in the drying air temperature, humid- 
ity, or velocity. 

Constant rate drying time. Equa- 
tions 1 and 4 are combined and in- 
tegrated to find the constant rate dry- 
ing time. 


(5) 


Falling rate drying time. Equations 
2, 3, and 4 are combined and inte- 
pane to get an expression for the 
alling rate drying time. 
rD(F. — 
hA(T — ty) 
rD(hX/k)F, 
hA(T — tq) 
where the shape factors are: 
slabs ; {l — F;/F] 

— — (F2/F.)*) 
cylinders; 1/2{1 — F:/F,] 

+ (F,/F.) F;/F. 
spheres; 3/2(1 — (F:/F.)*/*} 

— — F,/F,] (7) 
Figure 1 shows these — factors 
as a function of F,/F,. The curves 
show that spheres will dry in less 
time than cylinders of the same radius, 
and that cylinders will more ra- 
pidly than slabs whose half-thickness 
equals the radius. 

Consideration of Equation 6 leads 
to the conclusion that a solid may be 
dried to zero free-moisture content 
in a finite time; that is, the rate of 
drying does not go to zero at zero 
free-moisture content. Since this is 
contrary to experience, an empirical 
factor M may be substituted for 
(hX/k). The M factor can increase 
to infinity as the free moisture F 
becomes zero. 

Equations 5 and 6 may be com- 
bi to get the total drying time. 
Drying time is the sum of two terms: 
the time necessary for the desired re- 


= 


Or = 


[shape factor] (6) 
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duction in ftree-moisture content at 
the constant drying rate; and the addi- 
tional time needed because the drying 
rate decreases, The second term must 
be added below the critical free-mois- 
ture content. 
Evaluating the constants 

If the solid particles are of irregular 
shape and size, the proper average 
value of X is uncertain. Since the 
thermal conductivity of the dry por- 
tion of the solid may also be unknown, 
the following experimental method is 
needed to investigate these factors. 
Divide Equation 1 by 2, and solve 
for hX/k=M: 


(R-/R) — 1 
cylinders; M = 1/2 In (F/F) 
(R./R) — 1 
heres; M = ——— 
spheres; FUP —1 (8) 


If a drying test is run under the 
desired conditions of temperature and 
humidity and if weight-time data are 
taken with great care at frequent in- 
tervals, the drying rate-free moisture 
curve can be calculated. Since the 
drying rate is the derivative of the 
raw data, it may be necessary to 
smooth the data by the use of a finite- 
difference table. If the weight incre- 
ments are uniform, the second differ- 
ences of time should be constant dur- 
ing the constant rate period; and 
they should increase smoothly during 
the falling-rate period. 

Noting the value of the constant 
rate and employing Equation 1, the 
value of the surface coefficient of heat 
transfer h may be calculated. The 
value of area A used in this calcula- 
tion may be an arbitr one; the 
product hA, however, will be experi- 
mentally correct. 

For each point on the falling-rate 
curve the value of the dimensionless 

up M may be determined from 
Equations 8. It is best to find M at 
a number of different values of F, 
and it is usually wise to try it for 
slabs, cylinders, and spheres because 
the solids may be of various odd 
shapes and sizes and because of the 
unjustified assumption that the wet 
interior zone remains at the wet bulb 
temperature. In some cases there 
may also be a zone in which the 
funicular state exists. These are prob- 
ably the principal reasons that M 
varies. 

Usually one of the geometries will 
yield a more nearly constant value 
of M than the others. If this is so, 
that geometry should be adopted for 
the remaining calculations. Usually 
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Notation 

A = area of solid, sq. ft. 

D = mass of dry solid in equi- 
librium with drying air, lb. 
for constant drying condi- 
tions; lb./hr. for continuous 
driers 

F = free moisture content, lb. 
moisture/lb. dry solid 

G = mass rate of dry air, lb./hr. 

H = humidity of air, lb. mois- 
ture/Ib. dry air 

h = total coefficient of heat 
transfer across air 
B.t.u./(hr.) (sq. ft.) (°F) 

k = heat transfer conductance 
solid, B.t.u./(hr.) (ft.) 

L = length of path through dry 
portion of solid, ft. 

M = average value of hX/k 

m = defined by Equations 18 


and 20 

n = defined by Equations 30 
and 32 

p = defined by Equations 14 
and 16 


R= rate, lb./(hr.) (sq. 
t. 


r = latent heat of vaporization 
of moisture at wet bulb 


temperature, B.t.u./Ib. 

s = humid heat of air, B.t.u./ 
(°F) (ib. dry air) 

T = dry bulb temperature of air, 
°F 


t = temperature of solid, °F 

W = weight of moisture, lb. 

X = radius of spheres or cylin- 
ders or half-thickness of 
slabs, ft. 

x = radius of moist interior zone 
of spheres or cylinders or 
half-thickness of slabs, ft. 

y = defined by Equations 27 

35 


1 = inlet conditions 

2 = outlet conditions 

C = surface drying zone 

¢ = constant rate or critical free 
moisture 

F = zone of interior drying 

p = constant pressure heat ca- 

pacity 

solid surface 

wet bulb temperature of 

water 


Il 


M is reasonably constant until F ap- 
proaches zero. Then it rises rapidly 
to infinity. Ordinarily it is not advis- 
able to solids to very small free- 
moisture contents; thus the rapidly 
rising portion of the F vs. M curve 
may be neglected, Figure 2. When 
coarse Fuller’s earth was dried in a 
thin layer, as recommended above, 
M varied less than 20%. When a 
deeper layer was dried, M varied by 
a factor of 2. In the majority of 
cases, if an average value of M is 
used for hX/k in the time of drying 
equations, the results will be reason 
ably satisfactory, Figure 3. If an aver- 
age value of M is used to predict the 
instantaneous rate of drying, signifi- 
cant differences are noted between 
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the calculated and experimental re- 
sults, Figure 4, because drying rates 
are much more sensitive to experi- 
mental errors than are drying times. 


Counterflow adiabatic driers 


In large commercial driers it is not 
economical to operate under constant 
drying conditions. Consequently, the 
solid and the drying air pass continu- 
ously through the drier, which is in- 
sulated and, therefore, the operation 
is nearly adiabatic. The most efficient 
arrangement is to operate counter- 
currently so that the driest solid will 
be contacted by the driest air, Fi 
5. It is assumed that the critical 
moisture content of the solid is inde- 
pendent of the conditions of the dry- 
ing air. D must be redefined as the 
dry solid flow rate in lb./hr. and the 
dry air rate G, lb./hr. is introduced. 


Surface drying zone; any shape 


If an increment of drier length is 
chosen in the zone of surface drying 
and the differential equations for a 
water material balance, a heat bal- 
ance, and a heat transfer rate are pre- 
pared and integrated over the left 
section of the drier, Figure 5, the 
following equation results: 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 7) 


DESIGN 


(9) 


This is written in dimensionless form 
for simplicity. 
Two of the heat balances are useful 
in evaluating Equation 9: 
Gs(T.— = rD(F,—F.) 
Gs(T,—T:) = rD(F,—F;) (10) 


Interior drying zone 

Slabs. To the right of the boundary, 
the resistance to heat transfer must 
include the dry portion of the solid 
from the surface to the zone of vapor- 
ization as well as the gas film. Such 
an equation is: 


(T — 
rDdF LA (11) 


To express 7’ in terms of F, a heat 
balance around the left end may be 
written. 


(12) 


The appropriate substitution for 
LA/A,, is obtained from Equation 
3 and the integration performed for 
a right end of the drier. The re- 
sult is: 


in is) 


where M is given by Equations 8 
and 
Gs(T. — te) 
rDF, (14) 


In some cases drying might be car- 
ried out without any zone of surface 
if < F,.. Then Ac =0 
an 


In (15) 
where 
Gs(T; — ty) + rDF, 
7DF. (16) 
Cylinders. Proceeding in the same 
for long cylindrical solid par- 
it is found that 


hAr T,-—t.\ M 


In(1 — mz) — (m.— ms) 
mete. (17) 
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3 
2 =VF/F, 
. 
= time, hr. 
subscripts 


where p is given by Equation 14. 
If there is no zone of surface drying 
If there is no zone of surface drying and F; < F, then Ac = 0 and 


where V3 
= Ge(T: — te) + 
rDF, (18) 


me = — te) + DF; 


and F, < F, then Ac = 0 and 


Gs —ty 2 F. 
In (1—mez) —In (l—m) + 
—(m—m) (19) 
where 

rDF, v3 


The m series is convergent because yhore p is given by Equation 16 


m <1 and, because in the limit, 


terms approach (m/1) raised to F F. 
some power. and z = Ha and 2 = Hf 


Spheres. In the same way, the anal- 
ysis for spherical solid shapes leads to 


the resuk potential differences in the above 
In equations, the following substitu- 
= (1 — M) ) tions are useful. 


rD 
vs arctan (=>) =T2— 


pv3 


hA - 
M 
— +22") (p+2:)? 
(p+22)? 


For convenience in evaluating the 


Parallel flow driers 

The analysis of the parallel flow 
adiabatic drier is similar to that for 
the counterflow drier, Figure 6. The 
appropriate results are tabulated 
below. 


Surface drying zone; any shape 
Slabs: 


hAc Ti — te 


Heat balances are as follows: 


Gs(T, — T:) = rD(F; — F:) 
Interior drying zone 


+ =) (26) 


where 


and M is given by Equations 8. 


If there is no zone of surface “drying 
and F, < F,, then Ac = 0 


RA_ (Fi — 
Gs PF, ) 


cos) 


Figure 5. The free moisture of the solid reaches its 
critical value at the vertical dotted line representing 
the boundary between two zones (9). In the zone 
to the left of the boundary the rate of drying is not 
constant because the potential driving forces for heat 
and mass transfer are not constant. The dry bulb 
temperature of the air To decreases from right to 
left, and its absolute humidity H increases. Thus, the 
left end of the drier is called the “surface drying 
zone” (subscript C) instead of the “constant rate 
zone”; and the right side of the drier is called the 
“zone of interior drying’”’ (subscript F). A is the area 
of the solid exposed to drying air. 


Figure 6. Temperature-sensitive materials may often 
be handled in parallel flow driers because the solid 
remains at the wet bulb temperature of the drying 
air for the duration of the surface drying period al- 
though the dry bulb temperature of the entering air 
may be very high. As drying proceeds the dry 
bulb temperature of the air T, falls, the dry layers 
of the solid near the surface rise in temperature t,. 
By carefully adjusting conditions, high surface drying 
rates can be attained without permitting the tem- 
perature of the solid to exceed safe levels. These 
temperatures are sketched in to show how the solid 
surface temperature is kept below a safe level. 


56 July 1960 


COUNTER FLOW 
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pv3 
| | 
pv3 * | 
( pv3 (22) Gs Fe 
Gs(T. — te) 
1+ rDF, (27) 
(23) 
Ac 
solid 
| 2 
safe level 
tw t, 


coiculate series calculate 
cylinders opinders 

calculate Ar cube root calculate 

spheres Gs for spheres &S 


return console | 


Figure 7. Flow sheet for digital computer programs. 


Cylinders: 
hAr (Te—te\ (Fs 
n2—n,? 
In (1 +12) + (te— m2) 
= 3 
— ete] (20) 
where 
rDF, d 
™ 
rDF, (30) 


™ = Ga(T,—t.) — TDF, 


If there is no zone of surface drying 
and F, < F,, then Ac = 0 


in —In( ‘in (+m) 
] (31) 


(32) 


+(m—m 


where 


rDPF, 
Ge(T; — te) — rDP, 


The n series converges since n < 1. 


(yt+a)? 


where y* is given by Equation 27. 


If there is no zone of surface drying 
and P, < Fe then Ac =0 


—ty 


(yt+e:)* 


_v3 
arcta: ( (34) 
where y? Gs(T, 1 (35) 


and a= and 
For the parallel flow drier the follow- 


ing equivalent potential differences 
may be needed: 
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(36) 
te = (Fi—F) 


Summary 

This article has outlined economi- 
cal drying methods and presented pro- 
cedures and equations for designing 
commercial driers without referring 
to dollar costs at any time. To use 
the equations, it is necessary to carry 
out an experimental test in a constant- 
conditions drier and to determine the 
critical free-moisture content and a 
suitable average value of the parame- 
ter M. The equations give results in 
terms of the surface area of solids 
which must be exposed in the drier. 
For the sake of economy this area 
should be as low as possible. 

The drier volume must be sufficient 
to contain this much solid and allow 
for the passage of the drying air. The 

n cross-sectional area of the drier 
should be chosen to give the same 
mass velocity of the air flow as that 
used in ‘the experimental test. As a 
final parameter, the drier length is 
equal to the necessary volume divided 
by the necessary cross-section. Ar- 
rangements should be made for con- 
veying the solid at the rate D in such 
a way as to expose it to the air in the 
smallest practical particle size in a 
form as nearly spherical as possible. 
These principles indicate how the 
exposed area may be reduced. 


Computer program available 


To assist those who wish to carry 

out exploratory calculations, two aig 
tal computer programs are availab 
Figure 7. One is for countercurrent 
driers; the other is for parallel flow 
driers. Both are assumed to be adia- 
batic. Copies of the programs have 
been submitted to the A.LLCh.E. com- 
puter library. 
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py F ield testing 


air-cooled 
heat exchangers 


Use these recommended procedures to obtain reliable measurements for eval- 
uation of performance of your induced or forced draft air exchangers. 


HEAT EXCHANGERS CON- 
sist basically of tube bundles and 
fans to provide forced passage of air 
over the outer surface of the tubes. 
Normally, a hot fluid stream flows 
through the tubes and gives up heat 
to the air; in some less common ap- 
plications, a cold stream of fluid flows 
through the tubes and gains heat 
from the air. The tubes are usually 
finned to provide additional surface 
for heat transfer. The tube bundles 
are generally mounted horizontally. 
It is customary to design the ex- 
changers for upward travel of air, 
thus taking advantage of the natural 
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tendency of warm air to rise. Air- 
cooled exchangers may be classified 
as either induced draft or forced 
draft. In the former type, the tube 
bundles are located on the suction 
side of the fans, in the latter type, 
the tubes are located on the discharge 
side of the fans. 


Although the principles of removing 
heat with air are well known, little 
information on field testing of com- 
mercial air-cooled heat exchanger in- 
stallations can be found in the litera- 
ture. The purpose of this article is 
to present : method of testing which 
will yield accurate and dependable 


results. The techniques explained have 
been developed from a considerable 
number of tests on both commercial 
and development units. 


Testing equipment 


Temperature measurements should be 
made with ASTM mercury thermom- 
eters with an accuracy of +0.2°F 
or better. A multi-point potentiometer 
should be used for the rapid reading 
of temperatures that cannot be meas- 
ured easily and accurately with 
mercury thermometers. An adequate 
supply of calibrated thermocouples, 
connected to the potentiometers with 
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EQUIPMENT TESTING 


Field measurement of air delivery of 
an induced draft unit by two methods: 
traversing the exit air stream at upper 
right and the inlet air stream at lower 
left. 


wires about 50 ft. in length, should 
be available. 

For measurement of air velocities, Tay- 
lor Model 3132 vane type anemom- 
eters are recommended. Necessary 
accessories include an adapter and 
extension rod for remote readings, a 
shield to minimize wind effects when 
measuring air flowing from a tube 
bundle, and a watch to enable ac- 
curate timing of intervals of about 
30 sec. 

An inclined tube static pressure 
gauge calibrated for direct readings 
in inches of water with a range of 
0 to 1.0 in. with 0.01 in. subdivisions 
and a total scale length of 8 to 12 in. 
is recommended. 

Ammeters, voltmeters, and watt- 
meters for determination of the power 
consumed by the electric motors used 
for fan drivers are needed. The mo- 
tors to be tested usually fall in the 
5 to 75 horsepower, 110 to 440 volt 


class. 


Experimental procedure 
The rate at which heat is removed 
by an air-cooled unit is represented 
by the general heat transfer equation 
Q=UAaT (1) 
Basically, the evaluation of perform- 
ance consists in measuring Q and 
AT at test conditions, computing U 
from Equation 1, and correcting U 
to design conditions. The recom- 
mended procedures for experimental 
measurement of the necessary values 
are given below. 

The testing operation may be di- 
vided roughly into four consecutive 
one-hour periods. First, the unit 
should be adjusted so that it will be 
operating as nearly as possible at 
design conditions. Second, equipment 
to be used for the measurements 
should be positioned and checked so 
that data can be taken without dela 
when the test period is started. Third, 
many of the necessary experimental 
measurements can be made before 
and/or after the test period per. 
thus permitting more care and accu- 
racy for the measurements. These 
measurements include air delivery, air 
static pressure drop, fan driver loads, 


fluid flow rate, and fluid drop 
through the unit. The final period is 
the test itself. The following measure- 
ments should be recorded periodically 
using a time sequence such that er- 
rors resulting from changing condi- 
tions will be minimized: 

1. Fluid inlet temperature, ¢, 

2. Fluid outlet temperature, t, 

3. Air inlet temperatures, T, 

4. Air outlet temperatures, T, 


Measurements 


Some specific instructions to assist 
in securing reliable data are given 
below. 

Air delivery. For induced draft 
units, the velocity of the air flowing 
over the surface of the tubes can be 
measured conveniently by traversing 
the air stream with an anemometer 
just before it reaches the tube bundle. 
The bundle face should be divided 
into ima rectangular areas about 
three ft. wide by four ft. long. Each 
should be traversed by moving the 
anemometer slowly back and forth 
for a iod of 30 sec. To prevent 
error due to the restriction ebect of 
the tubes, the traverse should be 


taken in a plane approximately 5 in. 


below the extremities of the fins. The 
sary of the net face area of the 

undle and the average velocity ob- 
tained will equal the actual volume of 
air per unit of time. 

In some instances, obstructions be- 
low the bundle face may prohibit this 
method of air measurement. In such 
an event, air quantity can be deter- 
mined by traversing the streams emit- 
ting from the fans serving the bundle 
or bundles. For this method, the 
plane bounded by the inner periphery 
at the top of the fan stack is divided 
into ten equal concentric areas num- 
bered consecutively from 1 to 10 as 
shown in Figure 1. The ring is also 
divided into four quadrants. The air 
velocity is then measured at each 
point of intersection of the radii a, b, 
ce & d with the inner peripheries of 
areas 1, 3, 5, 7, and 9 and at the 
center. The average velocities in com- 
bined areas 1-2, 3-4, 5-6, 7-8, and 
9-10 are then obtained by averaging 
the four measurements taken ee 
the inner peripheries of areas 1, 3, 5, 
7 and 9, respectively. These velocities 
are plotted against the total areas 
bounded by the corresponding circles 
as shown in Fi 2. The net area 
below the resulting curve, between 


d 


Figure 1. Location of air velocity measurement points across top of fan stack. 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 7) 


July 1960 59 
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A typical installation of an induced draft 
air-cooled heat exchanger. 


the limits A, and A;, represents the 
actual volume of air delivered by the 
fan per unit of time. If desired, the 
foregoing procedure for determining 
air quantity may be simplified by 
averaging directly the 20 air veloci- 
ties (the reading at the center of the 
fan is not used in this method) and 
multiplying the resulting number by 
the total fan ring area A,. This gives 
a close approximation of the volume 


of air delivered per unit time. 


For forced draft units, it is usually 
preferable to obtain air delivery by 
traversing the streams entering the 
fans. The procedure is similar to that 
explained for the traverse of the air 
streams emitting from the fans of in- 
duced draft units. In some instances 
it may be necessary to traverse the 
stream emitting from the bundles. In 
this case, the traverse must be made 
in a plane at least 12 inches above 
the extremities of the fins to prevent 


erro~ due to the restriction effect of 
the tubes. To minimize error due to 
wind effect, a shield must be used. 


Air static drop. The static 
pressure drop resulting from the 
sage of air through the tube bundle 
should be measured at four points for 
each fan. Small holes slightly lar 
than the outside diameter of the 
probe should be drilled, and the probe 
inserted in the plenum between the 
tubes and the fan in such a position 
that the sensing end will be located 
in a comparatively “dead” portion of 
the air stream. This care in selectin 
a good location, in conjunction wi 
a properly designed probe, will result 
in virtual elimination of error due to 
velocity effect. 


Fan driver load. Electric motors are 
the most commonly used fan drivers. 
Power consumption for this type of 
drive can be measured directly. Other 
types of drives include steam turbine, 
gas turbine, oil turbine, gas engine, 
gasoline engine, and diesel — 
For most of these it is difficult to 
measure directly the er output 
and manufacturers’ ormance data 
must be relied upon. 


Fluid flow rate. The measurement 
of the rate at which the fluid being 
cooled is flowing through the ex- 
changer can be made by any of the 
generally accepted methods, such as 


TIME, MIN MEASUREMENT 
0 -------- 
4 ---------- t 
8 ------------- 
12 --------------- Te 
16 -------- t, 
20 ---------- t, 
244 ------------- T, 
Te 
Oo T, 
% ---------- ta 
40 -------- ty 
> a4 
------------- T, 
S6 -------- t, 
*t, = Fluid inlet temperature 
AREA Ay t, = Fiuid outiet temperature 
Ao T, = Air intet temperature 
Cosine T, = Air outlet temperature 


Figure 2. Typical velocity distribution across fan stack. 
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Figure 3. 


measurements to minimize errors of changing 


Suggested sequence for thermal 


conditions. 
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an orifice with a manometer, a pitot 
tube traverse, or a flow meter. 

Fluid pressure drop. Ordinary pres- 
sure gauges are usually satisfactory 
for the measurement of fluid inlet and 
outlet pressures. Increased accuracy in 
the determination of pressure Pp 
can be obtained by the following 
procedure: 

1. Read the gauges in their normal 

positions and subtract to obtain 
AP, 

2. Switch the gauges, re-read, and 

subtract to obtain AP, 


3. Average AP, and AP, 


For the measurement of very small 
pressure drops, pressure gauges are 
sometimes unsatisfactory, particularly 
when the operating pressure is high. 
One of the following methods should 
be used: differential pressure meter, 
dead-weight tester, or high-pressure 
manometer. 

Inlet and outlet temperatures. These 
measurements should be taken sys- 
tematically to minimize errors result- 
ing from changing conditions. A sug- 
gested time sequence incorporating 
the desired “bracketing” effect is pre- 
sented in Figure 3. 

For the measurement of fluid inlet 
and outlet temperatures, Ser. 
les or mercury thermometers should 
be inserted in thermowells located in 
the inlet and outlet fluid lines. The 
following precautions will assist in ob- 
taining accurate readings: 

1. If several thermowells are avail- 


able, those nearest the cooler 
should be used. 

2. The thermometers or thermo- 
couples should be installed suf- 
ficiently early to permit reach- 
ing equilibrium conditions be- 
fore the start of the test period. 

3. A suitable seal material should 
be placed around the therniom- 
eters or couples to minimize the 
effects of the surrounding at- 
mosphere. 

4. The thermometers or thermo- 
couples should be positioned so 
that the sensitive elements are 
located near the centers of the 
lines. 

5. If thermocouples are used, pre- 
cautions should be taken to in- 
sure that shorting does not occur 
as the result simultaneous 
contact of the tip and another 
point on the couple with the 
thermowell metal. 

For the measurement of inlet air 
temperatures, it is recommended that 
about eight thermometers or thermo- 
couples ~ spaced around the unit. 
Precautions must be taken to prevent 
erroneous readings due to direct con- 
tact of sunlight with the sensitive ele- 
ments of the thermometers or ther- 
mocouples, or due to radiation from 
the tube bundles or other hot sub- 
stances in the vicinity. 

The techniques required for the 
measurement of air outlet tempera- 
tures differ for induced draft and 
forced draft units. 


> EQUIPMENT TESTING 4 


For induced draft units, the fans 
are located above the tube bundles, 
and measurements of exit air temper- 
atures require temperature traverses 
of the air streams emitting from the 
fans. For large fans, it is recom- 
mended that the thermocouples be 
used to measure two points along 
each of four radii as indicated in Fig- 
ure 4, The precautions mentioned for 
inlet air temperatures should be ob- 
served for these measurements, and 
in addition care must be taken to 
— erroneous readings due to di- 
ution of the air stream with fresh 
air. The thermocouples should be lo- 
cated a few inches below the top of 
the fan stack and in the main body 
of the air stream. Some fans produce 
reversed air flow near the periphery 
and in the center of the stack. These 
areas should be checked before the 
test and avoided. The measurements 
of the eight points may be made by 
locating eight thermocouples or by 
using an extension rod for movement 
of a single couple from point ot owe 
If the latter method is used, cient 
time should be allowed after move- 
ment to permit the thermocouple to 
reach equilibrium conditions. 

For forced draft units, the tube 
bundles are located above the fans, 
and a temperature traverse of the 
air stream emitting from the tubes 
must be made. A satisfactory method 
is the use of an extension rod for the 
movement of a single couple from 
point to point. It is recommended 
that at least eight points be measured 


Temperature 


Figure 4. Location of points at which exit air 


temperatures should be measured 
draft units. 


induced 
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Figure 5. Typical heat exchange variation with temperature. 
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for a tube bundle 8 tt. wide by 24 ft. 
long. For other size bundles, the 
number of points may differ as suit- 
able. A shield must be .used to pro- 
tect the thermocouple from the HY we 
of wind, sun, and radiation. 


Computation of results 

The rate of heat removal Q, or 
heat load at test conditions, is deter- 
mined independently from the air- 
side and fluid-side measurements. The 
air-side heat load is simply tue prod- 
uct of the air quantity and the air 
enthalpy change; the fluid-side heat 
load is the product of the fluid quan- 
tity and the fluid enthalpy change. 
These two values should agree a a 
difference of greater than 10% is suffi- 
cient to indicate that the test should 
be repeated. In this event, an attempt 
should first be made to determine the 
reasons for the heat balance error. 

The effective mean temperature dif- 
ference AT between the air stream 
and the fluid from which heat is being 
removed is determined from the test 
measurements of air and fluid inlet 
temperatures and from a knowledge 
of the relationship between enthalpy 
and temperature as the two streams 

rogress through the exchanger. The 

tter may be presented as a plot of 
temperature versus heat removed for 
both streams (Figure 5). Since the air 
stream does not undergo a phase 
change, and since its specific heat 
change is usually negligible over the 
temperature range involved, a straight 
line relationship between air tempera- 
ture and heat removed is essentially 
correct. However, the fluid from 
which heat is removed may —-_ 
one or more phase changes and the 
relationship between fluid temperature 
and heat removed may therefore de- 
viate appreciably from a straight line. 
A heat-release curve must then be 
computed. Thus, an essential part of 
the test data is the composition of the 
fluid. 

The weighted mean temperature 
difference is determined by dividing 
the area between the two tempera- 
ture—heat removed curves by the total 
heat removed. Air-cooled heat ex- 
changers are of the cross-flow type, 
and the weighted mean temperature 
difference must be corrected for devi- 
ation from true counter flow. For fluid 
passes above four, this factor is usu- 
ally unity. In some instances, the 
cross-flow correction factor itself may 
vary appreciably with heat removed, 
and must be applied accordingly. 


Over-all heat transfer rate 

The over-all heat transfer coeffi- 
cient U at test conditions is computed 
from Equation 1, using the heat 
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transfer area and the test values of 
Q and AT explained above. It is cus- 
tomary to base this coefficient on the 
external surface of the bare tubes, 
rather than on the external surface 
of the fins, 

The over-all heat transfer coefficient 
may be written as 

U = — 


R, R,, + R, 
(2) 


where: 
R, is the inside fluid film resistance 


R, is the fouling resistance, or re- 
sistance due to static deposits 
on the inner wall of the tubes 

R,, is the resistance of the metal 
tube wall 

R, is the air film resistance 
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of industrial water 
cooling towers and 
air-coaled exchang- 
ers, and R&D on 
heat transfer char- 
acteristics of finned 
tubing. Campbell spent six years, until! 
1954, in catalytic cracking research 
with Texaco. He is a charter member 
of Houston’s new Process Heat Ex- 
changer Society. Campbell received his 
B.S. degree in chemical engineering 
in 1948, from the U. of Missouri. 


The process of determining U at 
design conditions consists of evaluat- 
ing the individual resistances at test 
conditions and adjusting them to de- 
sign conditions. The inside fluid film 
resistance R,; can be calculated from 
the test flow rate and the properties 
of the fluid at test conditions, using 
correlations and methods presented in 
the literature. The fouling resistance 
R, is difficult to evaluate experimen- 
tally, and it is therefore recommended 
that test data be taken soon after 
the exchanger is placed in service. 
If the exchanger has been in service 
for some time, the tubes may be care- 
fully cleaned prior to the test. In 
some cases, an inspection of the inner 
walls of the tubes and a study of the 
fouling character of the fluid will 
permit a satisfactory estimation of 
R,;. The metal wall resistance R,, is 
the reciprocal of the wall thermal 
conductivity K,,. The air film resist- 
ance, R,, at test conditions can then 
be computed from a rearrangeinent 
of Equation 2 to yield 


1 
R, = 
U 
(3) 


The individual resistances are then 
adjusted to design conditions. For 
convenience, the resistances at design 
conditions are identified by a prime. 
The values of Rj, R/ and R,,’ will 
be the same as presented in the 
original design of the exchanger. The 
test value of R, must be adjusted to 
eee fan driver horsepower. This 
involves adjusting air quantity to de- 
sign horsepower, computing corre- 
sponding face velocity, and determin- 
ing R,’ by means of the equation: 


at+bvyv,: 
a+bVv,° ) (4) 
where: 


V, = air velocity across face of 
tubes at test conditions 
V, = air velocity across face of 
tubes at design horsepower 
a, b, & c are constants identifying 
the tube characteristic 
For most tubes the value of the con- 
stant a may be neglected and c may 
be considered equal to 0.50. Equation 
4 may thus be simplified to: 


R,’ 
a Vv, (5) 


The over-all heat transfer coefficient 
expected at design conditions, U’, 
may then be computed from the 
formula: 


R,’ R, 


1 


R/ + R/ RY 
(6) 


U’ = 


Capacity at design conditions 
If the computed value of U’ differs 
from the original design over-all co- 
efficient U, it may be desired te de- 
termine the actual quantity of fluid 
the exchanger will handle at design 
conditions of fluid inlet and outlet 
temperatures, fluid inlet pressure, 
fluid composition, and air inlet tem- 
perature. This evaluation involves a 
trial-and-error solution, since the in- 
side film resistance will vary with 
mass flow rate, and since the effective 
mean temperature difference between 
the air and fluid streams will vary 
with heat load. A flow rate W is 
assumed, heat load Q and effective 
mean temperature difference AT de- 
termined, and over-all service coeffi- 
cient U, computed from Equation 1. 
The over-all coefficient U is then cal- 
culated independently from the indi- 
vidual resistance, using Equation 2. 
Values of W are re-assumed and the 
computations repeated until U, = U. 
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SOLAR ENERGY 
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Solar heat exchangers 


The up to the minute results of studies on methods to 
improve performance and reduce costs. 


Soran usep in sev- 
eral ty of processes; such as, ther- 
otochemical, and photoelec- 
the photo processes the spec- 
tral distribution of the incident ener 
is important, and usually only the 
short wave (high energy) portion of 
the solar spectrum (the visible and 
ultraviolet) is effective. However, the 
energy of the total available solar 
spectrum, including the near infrared, 
is useful in thermal processes. All 
thermal processes require solar heat 
exchangers to intercept the radiation 
and convert it for the purpose at 
hand. This article is concerned with 
the analysis of energy balances for 
these exchangers. 
A solar heat exchanger differs in 


several respects from more conven- 
tional exchangers. The latter usually 
accomplish a fluid-to-fluid exchange 
with heat transfer rates of thousands 
of B.t.u./(hr.)(sq.ft.), and with radia- 
tion an unimportant factor. In the 
solar exchanger, energy transfer is 
from a distant source of radiant en- 
ergy to a fluid, and the flux of inci- 
dent radiation (without optical con- 
centration) is, at best, about 350 
B.t.u./(hr.)(sq.ft.). It has a wave 
length range from to 2.5y, con- 
siderably shorter than that of the 
emitted radiation from most energy 
absorbing surfaces. Thus the develop- 
ment of solar heat exchangers presents 
the unique problems of low energy 


FOCUSING 
COLLECTOR 


reflector 


conduits tor 
working fluid 


FLAT-PLATE 
COLLECTOR 


Figure 1. Schematic sections of fiat-plate and focusing solar collectors. 
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fluxes and the predominating import- 
ance of radiation. 

Widespread use of solar energy 
cannot be expected to develop until 
energy from this source becomes com- 
petitive with other sources. Recent 
papers (1-3) have explored some of 
the pertinent economic considerations. 
To minimize the cost of the solar 
energy transferred to the working 
fluid, solar heat exchanger studies are 
directed toward: improving the per- 
formance of the heat exchanger sys- 
tem and thus reducing area require- 
ments for a specified output; reducing 
the first costs of the equipment per 
unit of heat transfer area; and mini- 
mizing maintenance and operating 
costs. 

Solar heat exchangers may be used 
with or without sallation concentra- 
tors. Flat-plate solar heat exchangers, 
usually termed “flat-plate collectors,” 
have the area of the solar energy 
absorber the same as the area inter- 
cepting solar radiation. Focusing col- 
lectors usually have concave reflectors 
to concentrate radiation falling on the 
total area of the reflector onto a heat 
exchanger of smaller surface area, 
thereby increasing the energy flux on 
the solar energy absorber. The im- 
portant parts solar heat exchangers, 
Figure 1, are: the “black” solar- 
energy absorbing surface, with means 
for transferring the absorbed energy 
as heat to a fluid; envelopes, trans- 
parent to solar radiation, around or 
over the solar absorber surface which 
reduce convection and radiation losses 
to the atmosphere; and back insula- 
tion to reduce conduction losses, if 
the geometry of the system permits. 

Flat-plate exchangers are now best 
suited for moderate temperature use, 
up to 100 or 150°F above ambient 
es They have the advan- 

es of transferring both direct and 

use solar radiation to the working 
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fluid, not requiring orientation toward 
the sun, and apparently costing less 
than the combination of a focusing 
reflector and heat exchanger. The 
principal present applications of these 
units are in solar water heating sys- 
tems; potential uses are in io 
heating and air conditioning. 

The focusing collector seems most 
practical for processes where higher 
temperatures are required. Focusing 
collectors with low concentration 
ratios (2 to 100—the ratio of projected 
reflector area to solar energy absorber 
area) have been used for low pres- 
sure steam generators and solar cook- 
ers. By use of concentration ratios of 
10,000 to 50,000, solar furnaces can 
develop focal temperatures up to 
8000°F. All of these collectors utilize 
only the direct radiation, and most 
designs require intermittent or con- 
tinuous movement to “track” the sun. 


Collector energy balances 


A general statement of the energy 
balance for solar collectors can 
written: 


HR = Ju + + Are 
(1) 


H = rate of incidence of solar ra- 
diation on a unit area of hori- 
zontal surface, B.t.u./(hr.) 
(sq-ft.). For a focusing col- 
lector, H includes only the 
direct component of the in- 
cident radiation. 


R = factor to convert radiation on 
a horizontal plane to that on 
the plane of the aperture of 
the collector. 

A,= area of aperture of collector, 
sq.ft. 

A,= solar energy absorbing area 
of the solar heat exchanger, 
sq.ft. 

r= ratio of the reflected radiant 
energy reaching the heat ex- 
changer to the direct radia- 
tion incident on the reflector, 
(effective reflectivity). 

r= Solar transmissivity of any 
transparent envelopes  sur- 
rounding the heat exchange 
surface, 

a= pra +d of the “black” 
absorbing surface of the heat 
exchanger for solar radiation. 


qu= rate of useful heat transfer to 
a working fluid in the solar 
exchanger (collected energy), 
per unit area of the solar heat 
exchanger A,, B.t.u./(hr.) 


(sq-ft.). 
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Figure 2. Variation of heat gain per square foot of aperture A, with concentra- 
tion ratio for an idealized example. Product HRrar <ssumed constant at 200 


Btu./(hr.)(sq.ft.) and 


O and + indicate ‘ormance of a flat plate collector (A, = A,) 


also collect diffuse radiation. 


9u= rate of thermal losses from 
the absorbing surface, includ- 
ing those to the atmosphere 
and surroundings by reradia- 
tion and convection, and by 
conduction through back in- 
sulation, supports for the ab- 
sorber, etc. per unit area of 
the solar heat exchanger A,, 
B.t.u./ (hr.) (sq.ft.). 


Gne= Tate of energy storage or de- 
pletion in the heat exchanger 
per unit area of the solar heat 
exchanger A,, if not operat- 
ing at constant temperature, 
B.t.u./ (hr.) (sq.ft.). 


The usual measure of collector per- 
formance is the efficiency, E, defined 
as the percentage of the total inci- 
dent radiation on a collector which is 
ultimately transferred into the work- 
ing fluid. Thus from Equation 1, E = 
100q, A,/HR A,. 


Table 1. Calculated effect of collector 
orientation on annual radiation at 35° 
Latitude, Southwestern U.S.A. (6) 


COLLECTOR RaDIATION, 
ORIENTATION THOUSANDS 
( Move or TRACKING ) B.T.U./8Q.FT. 
Total Direct 
Fixed, horizontal 585 470 
Fixed, tilted 35° south 680 545 
Continuous adjustment 
about horizontal 
north-south axis 814 654 
Continuous adjustment 
about axis parallel to 
earth’s axis 898 717 
Continuous adjustment 
about two axes to 
maintain normal solar 
incidence 921 738 


t, = 150 Btu./(hr.)(sq.ft.) of exchanger area A,. Points 


ich can 


For a stationary flat-plate solar ex- 
changer the reflectivity term disap- 
pears from the heat balance, A, = A,, 
and R varies throughout the day. For 
a focusing collector the concentration 
ratio A,/A, is greater than unity, and 
the area for thermal heat loss is 
smaller than the area interceptin 
solar radiation, Energy balances 
this have been studied by Hottel 
and Woertz (4), and Tabor (5). 


Collector performance factors 


A term-by-term examination of the 
heat balance, Equation 1, points up 
several unusual heat exchange 
lems and the important principles of 
design and operation solar heat 
collector systems. 

HR. The product of incident solar 
radiation rate on a horizontal area and 
the geometric factor for converting 
this energy flux to that received per 
square foot of surface 
(aperture) is controllable only by lo- 
cation and orientation of the collec- 
tor. R can be maximized by continu- 
ous positioning of the collector. The 
economic advantages of permanent 
mounting of flat-plate exchangers in a 
south-sloping position appear to out- 
weigh the value of the energy lost. 
Focusin stems will not operate 
type of end 
R depends on the mode of tracking. 
Annual total radiation and direct radi- 
ation, on surfaces disposed in various 
fixed and movable itions, have 
been calculated for a latitude of 35° 
by Eibling et al. (6), and are sum- 
marized in Table 1. Compared to the 
annual radiation received by a fixed 
horizontal surface at 35° latitude, a 
surface of fixed tilt of 35° to the south 


CHEMICAL ENGINEERING PROGRESS, (Vo!. 56, No. 7) 


i 
; 
\ 
’ 
4 
j 
1 
t 


Table 2. Effective reflectivity, r, for several experimental focusing collectors. 


REFLector Type; AND SURFACE A,/A, 


4 ft. aperture boloid; Vapor- 
deposited Al on “Mylar” fm; 
manually adjusted ......... 25 
Same reflector, smaller exchanger 62 
Parabolic cylinder, 7 ft. aperture, 
12 ft. length; Polished Al; clock 
10 
12 ft. aperture spherical; Alum- 
inized “Mylar” film; manually 


SPECULAR SHAPE 
Reriectiviry Posrrion- Errecrive 
or Surnrace inc Factor r 

0.80 0.74 0.59 
0.80 0.56 0.45 
0.74 0.95 0.70 
0.80 0.79 0.68 


(northern hemisphere) receives 16% 
more radiation; a sun-tracking surface 
receives 57% more. 

A,/A,. For a flat-plate solar heat ex- 
changer A, = A, and the maximum 
energy flux of approximately 350 
B.t.u./(hr.) (sq.ft.) limits the net use- 
ful heat transfer rate in the exchanger. 
More energy can be supplied to the 
exchanger by focusing on it the radia- 
tion incident on a reflector (or lens) 
substantially larger than the heat ex- 
change surface. The ratio of focusing 
reflector aperture to heat exchanger 
area can range from unity to many 
thousands; in the higher range the 
solar heat exchanger may have energy 
flux rates comparable with those in 
conventional exchangers. 

Since thermal losses from the large 
surface of a flat-plate solar heat ex- 
changer increase with temperature, 
low useful energy delivery at high 
temperatures results. By nae 
A,/A,, solar heat exchanger area 
thermal losses are reduced, and higher 
heat delivery temperatures may be 
obtained. Reflection losses and failure 
to collect diffuse radiation result in 
lower heat recovery by a focusing 
system of low concentration ratio than 
by a nonfocusing system operating at 
the same temperature; but increased 
heat recoveries may be achieved with 
higher values of A,/A,. Variation of 
useful heat recovery per square foot 
of collector aperture area A,, with 
A,/A,, is shown in Figure 2 for an 
idealized example with constant effec- 
tive reflectivity and heat exchanger 
temperature. The useful heat and 
efficiency curves approach asymptotes 
representing zero thermal losses at 
zero heat exchanger area. 

r. Reflectivity loss for a focusing sys- 
tem may be due to lack of complete 
specularity of the reflective surface, 
imperfect shape of reflector, and im- 
3 focusing or positioning. of re- 

tor. High specular reflectivity has 
commonly been achieved by use of 
metal deposits or coatings on other 
metals or glass. Anodized aluminum 


sheets have been used in focusing 
units, particularly of the parabolic 
cylinder type (7), and reflectivities of 
0.85 can be obtained with this mate- 
rial. Vacuum-metallized plastic films, 
such as aluminized sae film, 
may have reflectivities (through half- 
mil plastic) of 80% or more; this 
material when supported on a rigid 
backing forms an acceptable reflector 
surface. 

Orientation of the focusing reflector 
with respect to the sun and the size 
and position of the heat exchanger 
govern the fraction of specularly re- 
flected energy — the exchanger. 
Enlargement of the heat exchanger, 
to compensate for inaccuracies in 
reflector shape and positioning, in- 
creases thermal losses and exchanger 
costs, but may permit reflector econ- 
omies which more than offset these 
advantages. Data on effective reflec- 
tivities, summarized in Table 2, indi- 
cate that lack of specular reflectivity 
and the shape-positioning factor are 
significant, and that effective reflec- 
tivity varies widely. 

r. Radiation and convection loss from 
the heat exchange surface to the sky 
and surrounding air may be reduced 
by covering the absorbing surface 
with one or more transparent covers. 


SOLAR ENERGY 


These layers of glass or plastic reduce 
convection losses by providing closed 
air spaces between the hot exchanger 
surface and the surroundings. Since 
many of these materials are almost 
completely opaque to the long-wave 
radiation emitted from sources at 
temperatures of a few hundred de- 
grees, they may also constitute good 
insulation for radiation loss: reduction. 
However, the envelopes do not trans- 
mit all of the incident solar radiation 
because of absorption and reflection. 
This effect is shown in Table 3. 

To improve transmissivity for solar 
radiation, glass may be treated by 
forming on its surface a thin min- 
eral film having a thickness approxi- 
mating one-fourth the mean wave 
length of the incident radiation; mul- 
tiples of this wave length are then 
nearly, perfectly transmitted. A thin 
film of silica may be produced on 
glass by controlled dissolving of al- 
kalis from the glass in hydrofluoric 
acid solutions. The process apparently 
produces a film of graded thickness or 
composition, for it reduces reflectivity 
greater than would be predicted from 
consideration of effects 
on narrow bands of the total solar 
spectrum. Table 3 indicates the effects 
of this treatment. 

Recent developments in transpar- 
ent coverings for solar heat exchang- 
ers include clear plastic films of im- 
proved weatherability (8). Thin films 
(0.0005 to 0.005in. thickness) of 
polyesters, polyfluor carbons, and, 
other synthetics have been employed. 
Whether they will have adequate 
long-term strength, wind-resistance, 
freedom from dust collection, and 
other desirable properties remains to 
be determined. It may be possible 
that these films may also be rendered 
largely nonreflective by surface-treat- 
ing methods. 

The advantage of using low-reflec- 


Table 3. Transmissivity for solar radiation of glass and plastic films. 


THICKNESS, Percent NorMAL 
MATERIAL INCHES INCIDENCE TRANSMITTED Rer. 
Single-strength white glass....... 0.09 0.89 (4) 
“Teflon-100 X” fluorocarbon film. . 0.002 0.97 (8) 
Weatherable “Mylar” film ....... 0.002 0.85 (8) 
Single-strength white glass, B . 0.094 
Spectrum range: 
U.V. (0.325 to 0.3875,) .... 0.74 
Visible (0.40 to 0.704) .... 0.91 
LR. (0.80 to 1.004) ...... 0.90 
Mean Total Solar .......... 0.90 
Same glass, surface treated by etch- 
0.092 


Spectrum range: 
U.V. (0.325 to 0.3754) .... 


Visible (0.40 to 0.704) .... 
LR. (0.80 to 1.00u) ...... 
Mean Total Solar .......... 
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tion glass in an overlapped plate solar 
heat exchanger is indicated by experi- 
mental measurements of heat recovery 
for operation during a day when 
2200 B.t.u./sq.ft. radiation was inci- 
dent on the collectors. A three-cover 
collector had a reflection loss of 21% 
and a useful recovery of 33%; a simi- 
lar exchanger with surface-treated 
glass had a reflection loss of 10% and 
a useful heat gain of 44% of the inci- 
dent radiation. 
a. For maximum efficiency the solar 
heat exchanger should have the high- 
est possible absorptivity for solar 
radiation. The black surfaces must be 
stable at maximum operating tem- 
peratures and able to withstand neces- 
handling. Most of the surfaces 
which have a high absorptivity for 
short-wave solar radiation also have a 
high emissivity for long-wave radia- 
tion. However, as noted below, sur- 
faces with high values of a and low 
values of emissivity for long-wave 
radiation can be produced and advan- 
tageously used in solar heat ex- 
changers. 


qin. The thermal loss from a solar 
heat exchanger is the sum of convec- 
tion and radiation transfer from the 
absorber to the surrounding atmos- 
phere or to a transparent envelope, 
and conduction loss through insulated 
backing on the absorber and through 
edges or supports of the exchanger. 
Per square foot of absorber, 


= WT ) 
(2) 


h = convection coefficient for loss 
from the absorbing surface 
to atmosphere or to an en- 
closing transparent envelope. 

T, = mean absolute temperature 
of absorbing surface. 


Ts = absolute temperature of sur- 
roundings (ambient temper- 
ature or the temperature of 
the nearest envelope). 


F, = shape factor (= 1 for flat 
plate, uncovered exchangers). 


Fy, = emissivity factor; a function 
of the emissivity of the ab- 
sorbing surfaces for long- 
wave radiation, «,, and the 
emissivity of the surrounding 
envelope, eg, if there is one. 
For flat plate heat exchang- 
ers with a cover, 


Lof 
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For uncovered collectors Fz 
is usually taken as ep. 


k/l = thermal conductivity divided 
by thickness for any conduc- 
tion losses that may be ap- 
plicable. 


T, = absolute temperature at the 

back of the insulation. 

A development of major interest in 
solar heat exchangers has been the re- 
duction of radiation losses by use of 
surfaces having low long-wave emis- 
sivities, ¢,, while retaining high ab- 
sorptivities for short-wave solar ra- 
diation. These selective surfaces con- 
sist of thin layers of semiconductors 
such as cupric oxide (opaque to 
short-wave solar radiation but trans- 
parent to long-wave reradiation) over 
“eemen metallic surfaces having low 
ong-wave emissivity. The coatings 
may be prepared by several ~~ 
ods, including controlled oxidation of 
the base metal by dipping in oxidizin 
solutions (9), by oxidation of pla’ 
metal films (10), and by decomposi- 
tion at elevated temperature of de- 
posits of metal salts applied by spray- 
ing aqueous solutions on the polished 
base metal (11). Experimental values 


of @ and ¢, for several film-metal 
combinations are shown in Table 4. 

Low emissivity is most advantage- 
ous with high absorber temperatures 
and few transparent envelopes. Re- 
duction in emissivity permits the use 
of fewer transparent covers, thereby 
reducing transmissivity loss and heat 
exchanger cost. The effects of «, and 
number of envelopes on the sum of 
convection and radiation losses, cal- 


culated at an ambient tem ture of 
60°F by methods of Hottel and 
Woertz, are shown in Figure 3. 

The term k/I is treated by conven- 


tional methods. The optimum thick- 
ness of insulation in a particular ap- 
‘sanaggon depends on the value of the 
eat saved by incremental additions 
of insulation and the cost thereof. 
The recent development of foamed or 
cellular insulating materials that will 
not wet is potentially important, as 
solar exchangers are exposed to all 
types of weather. 

An important consideration is the 
number of transparent envelopes over 
the absorbing surface. Increasing 
their number decreases convection 
and radiation loss by increasing T, in 
Equation 2, but adds solar transmis- 
sion loss. The optimum number of 
covers depends on the transmissivity 
of the cover material, the difference 
in temperature between solar ab- 
sorber and ambient air, <,, and the 
concentration ratio, A,/A,. 

A further objective in the design 
of solar collectors of both types is to 
minimize thermal losses by reducing 
the temperature difference between 
the solar absorber surface and the 
working fluid. In addition to the usual 
resistances to heat transfer from metal 
to fluid, temperature gradients in por- 
tions of the solar absorber sheet which 
may not be in contact with the fluid 
must also be considered. In focusin 
systems, these gradients may be high 
due to non uniform distribution of the 
reflected radiation on the heat ex- 
changer. For example, a 12-ft. spheri- 
cal reflector-heat exchanger combina- 
tion, with A,/A, = 50, has an energy- 
absorbing surface comprising a cop- 
per sheet, to which copper tubes are 
soldered on one-inch centers. 


Table 4. Absorptivities for solar radiation and emissivity for long-wave radiation 
(from surfaces at 80 to 110°C) for several selective surfaces. 


Wr. Coatinc, 


METAL Base CoaTING MG./SQ. CM. a €n Rer. 
CuO 0.055 0.80 0.09 (9) 
Polished Gu ......0s0% CuO 0.22 0.89 0.19 (9) 
FeO-Fe.O, 0.18 0.92 0.21 (9) 
Plated nickel ......... CuO 0.35 0.86 0.21 (9) 
Polished aluminum .... CuO 0.30 0.98 0.11 (11) 
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Table 5. Performance of two-cover flat-plate solar heat exchangers, from hour-by- 
hour calculations based on Madison clear day radiation data. Exchangers tilted 


35° to the south. 


ConDITIONS 


Standard glass, es=—0.95 ...........++- 
Standard glass, es=0.10 ............+- 
Low glass, <s=0.95 ............+. 
Low refi. glass, es=0.10 


CLEAR CLEAR CLEAR 
SumMer SuMMER WINTER 
Day Day Day 


T,=—220, To= 1 60, ] 20, 
T.—90 T.=90 T.=20 
HR=2280 HR—2280 HR=—1940 


B.t.u. B.t.u. B.t.u. 
Efficiency, Efficiency, % Efficiency, % 
19 40 34 
40 51 47 
29 51 45 
51 62 58 


In one experiment, absorber sur- 
face temperature varied from 320 to 
600° F when the heat transfer liquid 
was at 300° F. Temperature differ- 
ences of 300° (which are excessive) 
result in excessive thermal losses, and 
for boilers would result in low heat 
transfer coefficients due to film boil- 
ing. 

Gne- Intermittency of solar energy 
supply is unavoidable. Energy used 
to preheat an exchanger from low 
night-time temperature to its mini- 
mum operating temperature repre- 
sents irrecoverable heat loss each day 
of operation. It is therefore usually 
advantageous to minimize the heat 
capacity of the solar heat exchanger. 
Typical values of equivalent heat ca- 
pacity of solar exchangers with glass 
covers are 0.5 to 1.5 B.t.u./(sq-ft.) 


Radiotion + convection loss, B.t.u./(hr)(sq. ft.) 


100 200 300 400 
Temperature of absorbing 
surface °F 


Figure 3. Thermal losses by convection 
and radiation from solar energy ab- 
sorbing surface as function of temper- 
ature of the surface and number of 
covers n for emissivities of 0.95 (non- 
selective surface) and 0.10 (selective 
surface). Reduction in collection due 
to transmission losses not shown. 
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(°F temperature change of the solar 
absorber surface). Use of plastic glaz- 
ing and low density insulation in ex- 
changers permits substantial reduction 
in heat capacity. For example, substi- 
tution of plastics and low density 
insulation glass and glass foam 
insulation can result in a useful daily 
heat recovery increase of 15%, for 
a flat-plate collector generating low 
pressure steam. 


Recent developments 


The separate effects of selective sur- 
faces, low reflectance covers, and im- 
provements in effective reflectivity 
result in moderate increases in solar 
heat exchanger performance; their 
combined effect can be a major gain 
in collection efficiency. 

Table 5 shows the computed per- 
formance of flat-plate solar heat ex- 
changers having absorber surfaces of 
high and low emissivities and having 
two covers of standard and low re- 
flectance glass. Solar heat exchanger 
efficiency is shown for a clear sum- 
mer day at conditions representing 
applications to: an absorption air con- 
ditioner (Tz, = 220° a water 
heater (T, = 160°F); and for a clear 
winter day in a ce heater (T,; = 
120°F). The combination of low re- 
flectance glass and low emissivity is 


Table 6. Hourly performance of refliec- 
tor-exchanger with A,/A, = 50. 

Data marked * is experimental for a 
collector of 110 sq. ft. area, with inci- 
dent direct radiation of 33,000 B.t.u./ 
hr. Other figures are based on experi- 
mental data corrected for estimated ther- 
mal and optical losses. 


COLLECTION 
CONDITIONS Erriciency, E, 
r Ts—380°F Ts—500°F 
No covers on exchanger 
0.63 0.95 48° 34 
0.80 0.95 59 50 
0.63 0.10 48 45 
0.80 0.10 63 57 
One cover, r = 0.90 
0.63 0.95 45 40 
0.80 0.95 59 54 
0.68 0.10 48 45 
0.80 0.10 62 59 


PSOLAR ENERGY $ 


seen to be most effective at high heat 
exchanger temperatures and large 
temperature differences between the 
exchanger and ambient air. 

The improvements in performance 
which can be achieved bv increasing 
the reflectivity of a focusing reflector 
and reducing the emissivity of the 
heat absorbing surface are shown by 
Table 6. The gain in efficiency through 
use of a cover is less significant, but 
at high temperature, appreciable ad- 
vantage is secured. A surface-treated 
cover material would enhance this 
improvement. The examples shown in 
Tables 5 and 6 are not intended to 
represent optimum designs for the 
indicated conditions, as the costs of 
the specified improvements have not 
been taken into consideration. 

The economics of solar energy use 
must be evaluated in terms of a spe- 
cific location and application, and are 
subject to change as solar technology 
develops and as the cost of ener 
from competing sources changes. In 
a previous paper (1) the authors ex- 
amined some of the economic factors 
in solar space heating, air condition- 
ing, and power generation, conclud- 
ing that solar energy should become 
competitive with conventional energy 
sources for these purposes in many 
applications as the allowable costs of 
solar heat exchangers ($1-4/sq.ft. of 
collector for space heating in the 
United States) are potentially attain- 
able. Since solar energy has economic 
promise under the proper conditions, 
these new developments in solar proc- 
esses should be significant in bring- 
ing this source of energy closer to 
general use. 
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Mass transfer 
efficiency 
—packed columns—part 1 


Here, for general use, are correlations of liquid and vapor phase transfer 
units. HETP methods cannot be extended to such general use. 


‘Tue vse or packep couumns for continuous contacting of vapors and 
liquids is well established in the chemical industry. Design by the “height 
of a transfer unit” method is a desirable and established practice. Such 
designs require a knowledge of the height of a transfer unit for both the 
liquid and gas films. A knowledge of the design procedures, as well as 
their advantages and disadvantages, as set forth by such authors as 
Leva (10) is assumed herein. This article presents correlations of pub- 
lished data for H;, and Hg together with new data on commercial scale 


packed column distillation studies. 


Liquid phase mass transfer 


The H,, data of Sherwood and Hol- 
loway (13) are widely used for de- 
sign purposes. Additional work has 
since appeared, however, that ex- 
tends the scope of this early study. 

Values of the height of a liquid 
film transfer unit, H,, are usually ob- 
tained experimentally by the absorp- 
tion or ieconten of a slightly sol- 
uble gas from a liquid film flowing 
over a tower packing, countercurrent 
to a stream of air. Under such condi- 
tions, concentration changes in the 
gas are negligible and no gas film 
resistance is considered to exist. A 
summary of reported H, values, to- 
gether with test conditions, is pre- 
sented in Table 1. 


Experimental variables study 


Variables considered to affect the 
height of a liquid transfer unit are: 
acked height, gas velocity, column 
iameter, liquid _ properties, 
packing type, and packing size. 
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Packed height. Sherwood and Hol- 
loway (13) concluded that variations 
in packed height had a negligible 
effect on H,. Van Krevelin and Hof- 
tijzer (16) assigned an exponent of 
% to packed height in correcting H,, 
values to other packed heights. Since 
liquid rates of about 1000 Ib./(hr.)- 
(sq. ft.) or lower are of test 
interest in distillation, the effect of 
packing height on H,; at L = 1000 
was plotted in Figure 1. The average 
slope of these lines is 0.15. This value 
is recommended in place of the % 
exponent selected by Van Krevelin 
and Hoftijzer since it was obtained 
under carefully controlled experimen- 
tal conditions using commercial size 
equipment. 

Gas velocity. Sherwood and Hollo- 
way showed that gas rates up to the 
loading point have no effect on H,. 
Above the loading point, H;, decreases 
with gas rate, probably because of 
oo phase disturbance. Very little 
information is available on the effect 


of high gas rates on H,, values. Sher- 
and Holloway present data on 
1.5-in. Raschig rings as follows: 


Percent Flood Hy, ft. Cc 
13.5 0.92 1.00 
51.2 0.88 0.96 
77.7 0.56 0.61 


where C is a correction factor for H,;. 

Figure 2 shows a plot of these 
values of C which may be used to 
correct H; at low gas rates for the 
effect of high gas velocities. In the 
absence of more complete informa- 
tion, Figure 2 may be used for all 
sizes of Raschig rings and Berl sad- 
dies. Further experimental work is 

uired to fully establish the effect 

of high gas rates in all types of pack- 
ings on the liquid film transfer unit 
heights. 

Column diameter. Examination of 
the work listed in Table 1 showed no 
definite effect of column diameter on 
H,, These studies included a diam- 
eter range of 4 to 20 in. In the ab- 
sence of further data, it may be con- 
cluded that column diameter does not 
affect H,.. 

Liquid properties. The only liqui 
to have been used 
studies is water; hence the effects of 
changes in liquid viscosity, density, 
or surface tension on H, are not 
known. Varying water temperatures 
have been studied but do not 
vide sufficient information to s 
the effect of changes in liquid prop- 
erties as such. Sherwood and Hollo- 
way suggested correcting liquid flow 
rate according to viscosity variations, 
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DESIGN 


19388 Allen 
1940 Sherwood and 


1941 Cooper, Christl, 
1942 Molstad, Abbey, 


1947 Deed, Schutz, and 
Drew 

1947 Van Krevelin and 
Hoftijzer 

1947 Vivian and Whitney 


1949 Whitney and Vivian 
1949 Koch, et al. 


> 
4 
PACKING : 
2 
SizE 4 
Raschigrings % Round 2.05 
Raschigrings % Round 20.0 
1 to 
408 and 
2 Hs 
Ber! saddles 
1k 
Spiral tile 8 
Steel Raschig 2 Square 300 7.2 co, 
rings 
Raschigrings 1 Square 15% 2.25 O; 
Partition tile 3 
Triple spiral 8 
tile 
Berl saddles 1 
Single spiral 3 
ti 
Raschigrings % Round 6 3.92 
2.0 co, 
Raschigrings 1.0 Round 4 2 
14 4 
Raschigrings 1.0 Round 8 2 O; 
Raschigrings % Round 68 4 co, 


Table 1. Experimental studies of liquid film 4: values. 


Tower 


1.0 CO, Data used by Sherwood and Hollo- 1 
wa 
05 co, Gas rate found not to be a variable. 153 


. Analysis of data from numerous 16 


REMARKS ENCE 


Concentration of solute in liquid not 
a variable. No effect of packed 
height established. Large decrease 
of Hz with increasing temperature 


Effect of gas recirculation in bed 3 
studi 

Excellent agreement with Sherwood 11 
and Holloway 


Excellent agreement with Sherwood 4 
and Holloway 


sources indicates H, varies as Z’/* 
Excellent agreement with Sherwood 18 
and Holloway 

Excellent agreement with Sherwood 19 
and Holloway 

Poor agreement with Sherwood and 7 
Holloway 


1952 Shulman and 
de Gouff 
1956 Vivian and Peaceman 


1% 
10 Round 9.72 2 CO, Excellent agreement with Sherwood 14 


and Holloway 

. Experimental confirmation of basic 17 
liquid film theory in wetted wall 


but this effect may be included in 
the Schmidt number correction. 
Liquid Schmidt number. Various 
solute gases have been used in the 
experimental studies in which the 
available H,; values have been de- 
termined. The liquid Schmidt num- 


- 
20in. 
05} 
SN 4 
4 
ost 
O5in, 
10 30 50 
Pechad 


Figure 1. Effect of packed height on 
H,, for Raschig rings (73). L = 1000 
Ib./(hr.)(sq.ft.). 


ber, Sc,, is used to account for dif- 
ferences in the solute diffusion rate 
characteristics of various systems. 

The investigators listed in Table 1 
agree that H, varies as Sc,'/*. Ac- 
cordingly, values of H,/Se,;/* may 
be plotted vs. liquid rate L, to obtain 
a correlation of data taken using any 
solute gas. Diffusion data from several 
sources (2, 5, 6, 8, 9, 12, 15, 17) 
were used in this work. 


Correlation of H, data 

The data taken from the experi- 
mental H, studies were 
plotting ¢=H,/Sc,/* against liquid 
rate as in Figure 3.° Values of ¢ were 
corrected to a common packed height 
of 10 ft. using the height exponent 
of 0.15. 

The data of Koch et al. (7) have 
been omitted because of the 
agreement of their results with ahi of 


*Plots for other packing sizes (Table 
2) may be obtained from the authors. 
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the other studies. The otherwise ex- 
cellent agreement of the data from 
several sources taken with various 
column diameters, packed heights, 
and test systems appears to justify 


Flooding correction foctor,C 
| 


re) 
50 100 


Percent flood 


Figure 2. Liquid film correction factor 
for operation at high percent of flood. 
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Figure 3. H 


the height and Schmidt number cor- 
rections as well as to confirm the be- 
lief that no diameter correction is 
involved. 


Summary 

Final correlation curves for the 
various sizes of Raschig rings and 
Berl saddles are given in Figures 4 
and 5. The fit of these curves to the 
original data is shown in Table 2. 
Agreement is quite good. 

For design purposes, values of ¢ 
are first obtained from Figures 4 or 
5. Values of H, are then found from 
the following equation: 

H, = ¢. (C) 
where H;, and Sc, refer to the system 
at hand. 


correlation for 1-in. Raschig rings: 10-ft. 
packed height; less than 50% flooding. 


10,000 100 


(Table 2): 1 


This section is a correlation of ex- 
perimental data in terms of heights of 
gas film transfer units, Hq. 
Previous work 

Values of the height of a 
film transfer unit, H,, must 
measured under conditions such that 
the liquid film resistance is known. 
This can be done by ae a 
highly soluble gas. The high solubil- 
ity leads to a low value of m and of 
the term (mG/L)H,. The resultant 
small value of liquid film resistance 
can be used to calculate Hg from 
Hog data with accuracy, 


NOTATION 

a = ratio of Hg (maximum) 
to Hg at any percent 
flood 


correction factor for H, 
at high ge rates 
column diam., in. 
liquid diffusion coeffi- 
cient, sq. cm./sec. 

ratio of liquid viscosity 
at column conditions to 
viscosity of water at 
20°C 

ratio of density of water 
at 20°C to that of liquid 
at column conditions 
ratio of surface tension 
of water at 20°C to that 
of liquid at column con- 
ditions 

gas mass velocity, Ib/ 
(hr.)(sq. ft.) 

flooding gas mass veloc- 
ity, lb./(hr.)(sq. ft.) 
height of a_ gas-film 


transfer unit, ft. 
height of a liquid-film 
transfer unit, ft. 


Hog = height of an over-all gas- 
film transfer unit, ft. 
K,* = over-all gas transfer co- 
efficient |b.-moles / (cu. 
ft.)(atm.) 
L = liquid mass velocity, lb./ 
(hr.)(sq. ft.) 
m = slope of vapor-liquid 
uilibrium curve 
Scg = Schmidt number for gas 
phase, dimensionless 
Sc, = Schmidt number for 
liquid, dimensionless 
= subscrip* referring to 
water 
Z height, ft. 
ue = liquid viscosity, centi- 
poise 
Pa = gas density, lb./cu. ft. 
PL = liquid density, Ib./cu. ft. 
or specific gravity as 
indicated 
or = liquid surface tension, 
dyne/cm. 
= ordinate value in Figures 
3-5 = H,/Se,;3/? 
= ordinate value from Fig- 
ures 9 or 10 
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Figure 4. H, correlation for various size Raschig rings 
6-4. packed height; less than 50% flooding. 


Gas phase mass transfer 


1000 10,000 


An alternate method for determin- 
ing Hg involves vaporization of a 
liquid at constant temperature into a 

as stream. Ig this case the liquid 
Im resistance is z -o, and Hg is the 
same as Hog. Since te appearance 
of Hg data by Fellinger (24), much 
additional work has been published 
on the heights of gas film transfer 
units. 

Those data of importance in com- 
mercial scale design are given in 
Table 3. Some of Hg data have 
been used for establishing the corre- 
lations to be presented. Other data, 
particularly those taken on small col- 
umns, were used only in determining 
the relative effect of “meni height, 
Schmidt number, or column diameter. 


Data of Hutchings, Stutzman, and 
Koch (28). These data required a 
large liquid film correction. Plots of 
1/Kga vs. 1/G®* at a constant liquid 
rate were presented. The gas film 
coefficients were obtained from these 
1/Kga vs. 1/K,°* plots. This method 
assumes that there is no effect of per- 
cent flood on the liquid film resist- 
ance; here the assumption is valid 
because all of the data were taken 
at less than 50% flood. 


Data of Fellinger (24). Over-all co- 
efficients were reported, and liquid 
film resistance values calculated from 
the previous H,, correlation. The Hg 
values were then calculated from the 
over-all coefficient. 


Data of Houston and Walker (27). 
These data were reported as K,a 
values from which Hg values could be 
calculated directly. The liquid film 
resistance correction had been made 
using the Sherwood and Holloway 


correlation (40). 
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Figure 5. Hf, correlation for various size Berl saddies 
(Table 2): 10-ft. packed height; less than 50% flooding. 


Data of Clump (21). The Clump 
data differ from all others in that 
they were taken using a packed dis- 
tillation column and in that they 
resent the only data for liquids other 
than water. The system used was 
toluene/n-heptane at the normal boil- 
ing point. Hog values were recalcu- 
lated from the reported bottoms and 
overhead conditions. The reboiler was 
assumed to be one theoretical stage. 
H,, values were calculated from 

previous H, correlation. Density and 
viscosity data for the toluene/n-hep- 
tane system were taken from the lit- 
erature (38), while liquid diffusion 
coefficients were ated by the 
method of Wilke and Chang (44). 
Since the data were taken within the 
composition range in which the equi- 
librium line is straight, no problem of 
a variable “m” was involved. The 
liquid film resistance was about one- 
third of the total resistance in most 
cases. 


Data of Othmer and Scheibel (36). 
Over-all coefficients were determined 
and an equation for the liquid film co- 
efficients was rted; from this in- 
formation Hg aie were calculated. 
Due to the relatively large liquid film 
resistance, the Hg data scattered 
somewhat. 


Data of Surosky and Dodge (43). Of 
importance were data for the vapori- 
zation of water into air in a ptm 
high packed bed. Other data for 
shorter beds were analyzed but not 
used because of the greater end effects. 
For the one-foot bed, the uncorrected 
transfer coefficients were used. In the 
absence of liquid film resistance, Hg 
values were calculated directly from 
the data. 


Data of Yoshida and Tanaka (46). The 
constant water temperature data for 
one-inch Raschig rings were analyzed. 
Hg values were calculated directly 
from the data. 


10,900 re) 


Data of Zabban and Dodge (47). Gas 
film coefficients were reported and Hg 
values were calculated directly from 
the data for the condition of no end 
effect. 


Experimental variables study 

Variables considered to affect the 
height of a gas phase transfer unit 
are: gas velocity, liquid velocity, gas 
physical properties, column diameter, 
packed height, packing type, and 
packing size. 
Gas velocity. The importance of gas 
velocity on the rate of mass transfer 
in packed beds is well known. Equally 
well known is the fact that at constant 
liquid rate, as the gas velocity is in- 
creased “loading” and “flooding” con- 
ditions are approached. Thus, it is 
possible to consider gas velocity in- 
directly as a degree of approach to 
flooding. 

Fellinger (24) clearly illustrated the 
ae variation of Hg in the loading 
an 


flooding regions. Lynch and Wilke 


ab 
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ing, Oklahoma State U. He was re- 
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author of Handbook of Natural Gas 
Engineering. 
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Figure 6. Variation of H, with gas and liquid rates (24). 


(31) com as film coefficients at 
equal values of the “flooding modu- 
lus”, (L/G) (pe/pr)”* in determining 
exponent values for Schmidt number 
variations. Zenz (48) related pressure 
drop characteristics of packed col- 
umns to values of “flooding pressure 
drop”. 

It was ultimately decided that no 
better criterion of flooding could be 
found than the percent of flood itself: 


% flood = 
Gp = const. 


For correlation purposes floodin 
velocity data given in conjunction wi 
mass transfer data were used when- 
ever possible. In other cases, flooding 
velocities were taken from charts for 
air-water (41), or from the generalized 
correlation of Lobo, Friend, Hash- 
mall, and Zenz (30). 


In view of the dependence of the 
Hg correlations on the percent flood, 
it can be seen that accurate prediction 
of the flooding point is just as impor- 
tant as the H, correlations them- 
selves. Likewise, use of the correla- 
tions is predicated on good column 


design, particularly in regard to proper 
liquid distribution. 


Gas _ physical For many 
years the exponent of the gas film 
Schmidt number was in dispute. Ex- 

rimental studies iisted in Table 3 
ound values ranging from 0.16 to 1.0. 
Lynch and Wilke (31) compared Hg 
values under similar fluid mechanical 
conditions and found the Schmidt 
number exponent to be about 0.5. 
Accordingly, variation of Hg with gas 
physical properties was taken as pro- 
portional to the square root of the 
Schmidt number at the same percent 
of flood. Values of the Schmidt num- 
ber in air were taken from Perry (37); 
for other systems diffusion coefficients 
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were calculated (23) and viscosities 
were taken from various literature 
sources (34, 37, 38). 


Column diameter. The column diam- 
eter correction was taken from the 
study by Murch (35). He found that 

cking efficiency varied as D'-** for 
Raschi ig rings, and D*-" for Berl 
saddles. It can be seen that the di- 
ameter correction often is the largest 
single correction factor to be applied 
in column analysis or design. Exami- 
nation of the data on l-in. Raschig 
rings shows that the Murch exponent 
is very likely to be correct. No com- 
parable data for large beds of Berl 
saddles are available. A standard 
column diameter of one foot was se- 
lected as a basis for the correlation. 
All data were corrected to this stand- 
ard diameter. 


Column height and end effects. Bed 
heights of 1-20 ft. were included in 
the studies considered. The Murch 
exponent of 1/3 for height correction 
gave very satisfactory results for all 

e data. A standard height of 10 ft. 
was used, and all data were corrected 
to this height. 

In most cases where end effects 
were stated to occur, the authors 
tested several bed heights and extra- 
poluted to zero height to find the end 
effect, or to infinite height to find the 
effective Hg. In all cases, the fact that 
the coefficient itself varies with height 
was neglected. In the case of 
Hensel and Treybal data (26), the end 
effects were still large due to an effi- 
cient distributor. No data for packin 
— less than one foct were foun 
to be reliable except in the case of %- 
in. packing. 

Correlation of H, data 

Experimental values of Hg/Scg'/* 
were plotted against percent flood, 
with — t liquid 
rate. A typical plot is shown in Fig- 


for a given packing had the same 


Table 2. Comparison between predicted and observed values of H:. 


ABSOLUTE AVG. 


PACKING IN. No. PoINTs DEVIATION, % REFERENCES 
Raschig rings % 10 2.7 1 
82 12.2 4,13 
1 45 8.1 11, 13, 14, 18, 19 
14 18 10.6 18 
2 15 8.1 13 
Berl saddles ' 4 0.8 13 
1 8 8.8 11,138 
1% 8 7.2 13 
shape and could be brought together film resistance to mass transfer should 
by means of a correction factor a: depend upon the liquid rate. It should 
H./Seq)®* H be remembered, however, that the 
(H@/Scq) transfer coefficient and the transfer 
(Hg/Scg) Hg max unit contain an interfacial area term. 


A representative plot of a values is 
given in Figure 7. 

The quantity 
is independent of the percent flood 
and depends upon the liquid rate. 
Accordingly, plots of this quantity vs. 
liquid rate were made as shown in 
Figure 8.° The slope of the plots for 
Raschig rings was about -0.6 and for 
Berl saddles was about —0.5. Despite 
a general scatter of much of the data, 
which is characteristic of mass trans- 
fer data taken from ate sources, 
a definite correlation for Hg values 
obtained by absorption, vaporization, 
and distillation can be seen to exist. 
To explain the various sources of vari- 
ability of packed column data the gen- 
eral correlations _ assumed a cer- 
tain of complexity. In some 
occurs. It is hoped that future re- 
search will aid in reducing the scatter 
in mass transfer data and improve our 
knowledge of this baffling problem. 

It might seem unusual the gas 


* Plots for other sizes (Table 
4) may feos the authors. 


When the liquid rate varies the liquid 
holdup changes and the change in the 
interfacial area creates a change in 
the gas film coefficient. It is of inter- 
est to note that the liquid rate ex- 
ponents agree closely with the ex- 

ents obtained from holdup studies 
F9. 42). This link between holdup 
and the gas film coefficient has been 
considered previously by Furnas and 
Bellinger (25) and Sh and co- 
workers (42). 

In addition to — rate, liquid 
viscosity, density, and surface tension 
influence holdup, and hence Hg. 
Liquid holdup hass been correlated 
by Jesser and Elgin by the equation 
Holdup = b L* 

The exponent s varies from 0.51 to 
0.58 for Berl saddles, and 0.62 to 
0.71 for Raschig rings in holdup work. 
Considerable doubt as to the value of 
the surface tension exponent seems to 
exist, and it is not even certain 


whether n should be a positive or 
Continued on page 74 
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Fr. Sorvre Gas Ligup REMARKS 
$6 042. Air Water Vaporization method. Schmidt 
Methanol number exponent = 0.17 at 
Benzene same liquid and gas rates but 
Toluene different liquids. See Sherwood 
and Holloway (40) 
10 1.58 NH, Air Water Absorption data of Borden and 
2.58 uires, Not used. 
10 1.58 NH, Air Water Absorption data of Doherty and 
2.58 Johnson. Not used. 
18 0.75 NH, Air Water Absorption method. 
1.42 
2.13 
2.10 
1.98 
1.71 
1.83 
2.08 
9% 16.3 Acetone Air Water Absorption method. 
12 4.0 NH; Air Water Absorption method. Data not 
used. 
4 3.08 4 Air Water A method. Data not 
Ketones used use of small column 
diameter. 
4 0.5 Air Water Vaporization method. Data not 
1.0 used because of small column 
diameter. 
6 4.34 Acetone Air Water Absorption method. %” Raschi 
6 4.58 ring data not used because 
6 4.56 unusually high values. 
10 3.73 
12 2.0 NH, Air Water Absorption method. Schmidt 
Acetone number exponent = % at same 
Methanol liquid and gas rates but with 
Ethanol different liquids. 
8 5 aw Air Water Vaporization method. Schmidt 
Methanol number e mt = 0.15 at 
Benzene same liquid and gas rates but 
Ethyl-n- with different liquids. 
Butyrate 
10 1.04 . Air Water Vaporization method. Data on 
15 and 35 mm rings not used. 
215 1.09. Air Water Vaporization method. Data not 
used because of large end ef- 
fects. 
12 6 Distillation data on the toluene 
heptane system. 


12 


Freon-12 Water 


BE 


0.62 .. Air 

Helium 
0.42 .. Air 
0.62 


Absorption method. 


Data not used because of small 
column size and mixed packing 


Data not used because of short 
bed height. Schmidt number 
exponent studied. 

Attempts to explain differences 
between studies on the basis of 
holdup. 

Data not used because of small 
column size. Schmidt number 


exponent studied. 


Water 


July 1960 


DESIGN 


Table 3. Experimental studies of gas film transfer unit height (He) values. 


REFER- 


ENCE 
(33) 


(40) 


(24) 


(36) 
(22) 


(39) 


(32) 


(28) 


(27) 


(43) 


(46) 
(26) 


(21) 


(47) 


(20) 


(31) 


(42) 


(45) 


PACKING ToweEn SysTEM 
PACKED 
Size Diam., Heicur 
SHAPE IN. SHAPE 
Raschig % Round 
rings 
4 Raschig 1 Round 
rings 
Raschig 
rings 
Raschig 
— rings 
» Berl 
saddles 
Raschig 
rings 
Raschig 
rings 
rin 
rings 
Raschig 
rings 
1 
Raschig 
ME Suroskyand Raschig 1 
Dodge rings 
1951 Yoshidaand Raschig 1 Round 
Tanaka rings 
1952 Hensel and Berl Square 
ite, Treybal saddles 
1953 Clump Raschig 1 
rings 
14 ee e's 4 
1954 Zabban and Raschig % Round 6 1.83 Acetone Wate ER || 
Re Dodge rings 2.94 Methanol Water 
Be Berl 1 Round 12 4.25 
saddles 10 Acetone Water 
1955 Bonilla and Raschig .. Round 1.1 3.75 Ethylene Acetone 
af Baren rings Oxide Ethanol 
Benzene sizes. 
Water 
Ethyl 
y 
Aceto 
Acetate 
Raschig 1 4 
rings 
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Figure 10. H,, correlation for various size Berl saddles 


(Table 4); 10-ft. packed height; 1-ft. column diam. 


Figure 9 He correlation for various size Raschig rings 
(Table 4): 10-ft. packed height; 1-ft. column diam. 


ative quantity. In the absence of 
de nite information at the low liquid 
rates common to distillation, a value 
of n = 0.5 was taken from Jesser and 
Elgin (29). 

In accordance with the preceding 
equation, the H, data plots were 
made with the term 


= L 


as the abscissa. The roperties of 
water at 20°C were aan as a refer- 
ence, since most of the data were for 
this condition. The exponents of the 
—s equation were divided by 


‘Sve all of the vaporization and 
absorption data considered involved 
water as the liquid phase, the appli- 
cation of the holdup relationship can 
only be considered as tentative. The 
surface tension relationship, in par- 
ticular, is open to question. However, 
the procedure as F te does handle 
the Clump (21) data on distillation 
satisfactorily, as is shown in Figure 8. 


Summary 


The information on a values (a = 
H,/Hg, max.) plus the Hg correlation 
charts is combined and summarized 
in the desi ~~ Figures 9 and 10. 
Values plotted against 


percent flood for various packing ma- 
terials. When these design charts are 
used, fit of predicted to measured Hg 
data is reasonably good, as shown in 
Table 4. 

For design purposes, values of y 
are first obtained from Figures 9 or 
10. Values of Hg are then found from 
the following equations: 

Raschig rings: 

Scg 0.5 


(L 


Berl saddles: 
Sc,° 5 


(a) 


where f, = (y,/1.005)°*, 
fe (1/pr)*-*, 
fs = (72.8/e)%* 
and other symbols are defined in the 
notation. 
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FLUIDIZATION 


GAYNOR 
General Electric Company 


Fluidized bed coating 


Solve your coating problems by the 
fluidization technique. Use preheat, 
electrostatic, or adhesive undercoat 


coating methods. 


F Luwzep SYSTEMS HAVE BEEN in 
use for many years although only in 
the last thirty years has their true 
been realized. The first 
arge scale industrial use of these sys- 
tems was for catalytic cracking of 
petroleum crudes. Later it was found 
that coal could be gasified using a 
fluidized system. 

In the early as well as the more 
recent investigations, the attractive 
a of fluidized systems have 

n high rates of momentum, heat 
and raass transfer, and a high degree 
of versatility. Most recently, investi- 


gators have begun to explore more 
thoroughly new uses for fluidized 
beds. Such uses as high constant tem- 
perature baths, quenching hot gases, 
production of metals, and many other 
applications have been reported. The 
most recent application for fluidized 
systems is in coating objects with ma- 
terials which fuse at temperatures 
below the melting point of the object 
to be coated. 

This new application is an advance 
in coating wey ay and represents 
an opportunity for the chemical engi- 
neer to contribute technically to a 
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Figure 1. Fiuidized bed coating apparatus 
and auxiliary equipment used by G.E. 


pee area which has me needed 
is help for many years. The classi- 
cal methods of applying coatings are 
by dipping, brushing, and spraying. 
Techniques such as coating, elec- 
trostatic spraying, as 
well as fluidized systems, have slowly 
begun to replace the older coating 
methods because they are more effi- 
cient, precise, and uniform. These 
new methods lend themselves to 
closer control, are more: economical, 
and can be treated as true chemical 


processes. 


Fiuidized bed coating process 

The fluidized bed coating process 
is of direct interest to pew A engi- 
neers, Within the general framework 
of this system there are three meth- 
ods useful in applying coatings. The 
part to be coated can be heated to 
some temperature above the melting 
— of the powder which is being 

idized. When the heated part is 
dipped into the bed, the particles, 
which strike the hot surfaces, fuse 
and adhere. This method is described 
by Gemmer (1). The preheating step 
can be avoided by coating the part 
with a thin tacky coating before dip- 
ping into the fluidized bed or by use 
of electrostatic forces which attract 
charged particles to the substrate. 
Where only selected areas are to be 
coated, the latter two methods tend 
to minimize masking difficulties. 

The advantages which have been 
claimed for the fluidized process are: 
no solvents, ability to coat complex 
geometries, one pass tion, con- 
trol of coating thickness, efficient util- 
ization of material (theoretically 
100%), high coating rate, simple and 
inexpensive process equipment (Fig- 
ure 1), easily automated process, 
smooth continuous coatings, etc. On 
superficial examination, the process is 
exceedingly simple and _straightfor- 
ward, However, a thorough analysis 
of process variables and their possible 
interaction shows rather quickly that 
this process is complex. Further it re- 
quires a judicious combination of 
knowledge in two fields — chemical 
process technology and coating tech- 
nology. Therefore, it appears worth- 
while to discuss in some detail fluidi- 
zation and coating and to show how 
these two technologies interact in this 
new chemical process. 
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Fluidized coating parameters 


Variables such as solids concentra- 
tion, homogeneity, viscosity, surface 
tension, interfacial tension, surface 
conditions, etc., which are important 
when objects to be coated are dipped 
into liquids, are also important in the 
fluidized process. Although surface 
condition and interfacial tension are 
important to the success of the proc- 
ess, they in to the coating mate- 
rial-substrate relationships rather than 
to the process. 

The relationships for viscosity and 
surface tension of fluidized systems 
have been investigated recently by 
Ohmae and Furukawa (2, 3). The vis- 
cosity of a fluidized system is related 
to the resistance encountered when 
immersing and removing parts. An 
estimate of the viscosity of a fluidized 

stem can be made by assuming that 

shear stress is equal to the pres- 
sure drop across the bed only and 
the shear rate is equal to the linear 
velocity of the particles and gas. Very 
low viscosities result from such calcu- 
lations. These calculations have been 
checked by actual experiments involv- 
ing immersion of objects into fluid- 
ized systems. 

The role of surface tension is ab- 
stract. It is related to free energy of 
the system which should be highly 

itive. In coating, some of the par- 
ticles lose their energy; thus, the total 
energy of the system decreases and 
results in a small decrease in the free 
energy of the system. Since this en- 
ergy loss is small compared with the 
total energy, the assumption that sur- 
face tension is relatively unimportant 
is probably justified. 

The most important quantities 
which bear on the process oe solids 
concentration and homogeneity. In 
liquids, the concentration governs in 
— part the thickness of the coating 

the homogeneity controls the uni- 
formity of the coating. The fraction 
of solids in a fluidized system can be 


by the (1—). 
en multiplied by the true density 
of the powder, the result is a true 
solids concentration. The significance 
of solids concentration in this case is 
that its value is an index to the con- 
centration of material to which the 
object immersed in the bed will be 
ex . When combined with par- 
ticle size, the number of particles to 
which the object is exposed is readily 
calculated. Both these quantities can 
then be related to the thickness of 
the coating which is applied. Further- 
more, by comparison of the amount 
of material available for with 
that which is actually applied, a quan- 
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Figure 2. Types of well known flow behavior exhibited by fluidized system. 


muir —— parameter can be 
calculated. Such a quantity would 
depend on other variables in addition 
to (1—«). Gas velocity, particle size, 
particle size distribution, particle 
shape, and geometric configuration of 
the object all play an important role. 

The quantity (1—«) can be derived 
by several methods as follows: 

1. From bed expansion measure- 
ments, knowing the true density of 
the solid, the volume occupied by the 
expanded bed, and the weight of the 
powder in the bed: 

Ww 


(1) 
pe V 
2. From pressure drop measure- 
ments utilizing either the Parent, Ya- 
gol, Steiner equation (4) 
Ap = L(1—e) (pp—pr) (2) 
or the Ergun, Orning equation (5) 


(1—e)? 


3. From gamma or x-ray absorption 
through the bed, the degree of absorp- 
tion is related to the concentration of 
solids (6) by 
— @ 
I=Ie 


pe = ps (1-«) 


(4) 


In rid aypsl (1—e) (5) 


4, Other techniques which permit de- 
termination of (1—«) at distinct places 
in the system have also been used. 
These include a light source and a 
photoelectric cell, and a capacitometer 
which measures the capacitance of 
the gas-solid mixture. 

In liquids, homogeneity and uni- 
formity are virtually assured if proper 
mixing and dissolution procedures 
have Sean followed. In fluidized sys- 
tems neither complete homogeneity 
nor uniformity is completel ible. 
The well known kinds vf ow be- 
havior exhibited by fluidized systems 
are shown in Figure 2. Figure 2a 


Figure 3. Stages of electrostatic coating of an aluminum rod with Epon resin. 
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represents ideal behavior, the remain- 
der are commonly encountered pheno- 
mena. Since we are dealing with a 
dynamic rather than a static system, 
both of the aforementioned properties 
are intimately linked. If the system is 
uniform then it will behave alike 
throughout its volume. That this is 
rarely the case has been shown 

many investigators. Because of - 
ary effects at the wall, the top surface, 
and the surface adjacent to the distri- 
butor plate, it can be shown that uni- 
formity throughout the volume of a 
fluidized system is impossible. How- 
ever it is possible to attain and main- 
tain uniformity over a substantial vol- 
ume of a bed under certain conditions 
(7). Uniformity appears to depend on 
height to ratio, size, 
particle size distribution, nature of 
the distributor plate, and gas flow 
rate. The effect of these variables on 
three-dimensional uniformity in fluid- 
ized systems has been determined 
(7). The use of nonuniform nonhomo- 


— systems results in a nonr 
ucible process and in nonuniform 
coatings. 

Another factor which arises in the 
use of fluidized systems, but not in 
liquids, is the flow disturbance caused 

immersing the object in the bed. 

shape, volume, and their relation 
to height and cross section of the bed 
become important considerations. 
Thus, for certain applications, fluid- 
ized systems of unconventional design 
may be n in order to arrive at 
an efficient predictable process. 
Preheat coating method 

Although coating in fluidized sys- 
tems has been accomplished utilizin 
three general 
part, charged particles or a thin tacky 
undercoating—the use of preheated 

has received most attention to 
date. Independent of which technique 
is used, the particles must melt, flow 
together, and cover the surface of the 
substrate. The wetting and flow of 
lymer melts as th in to coat- 
ing fluidized been 
published (8). 

The use of the preheat method for 
coating has been well described in the 
technical literature (9, 10, 11, 12, 14) 
and an extensive discussion here is un- 
necessary. Time-temperature-coating 
thickness relations have been deter- 
mined and | methods, as 
well as techniques for heating in situ, 
have been cited. 

The heat transfer phenomena is of 
interest since one of the advantages 
of fluidized beds is their high rate of 
heat transfer. Hot parts might be 
cooled before they could be coated 
properly. However, as soon as the 


heated part is immersed in the system, 
the particles which strike the surface 
fuse and adhere. An insulating layer 
is formed and the heat transfer rate 
is then limited by thermal conduction 
through the layer (usually a thermal 
insulator which is growing in thickness 
continuously ). Simultaneously, heat is 
being transferred from the surface of 
the polymer to the fluidized bed. One 
might conclude that the higher the 
immersion temperature and the longer 
the exposure time the thicker 
coating. The obvious limitation is that 
the temperature on the surface of the 
coating must remain higher than the 
melting range of the 

Data over large time and tempera- 
ture ranges indicate that the thickness 
of the coating is an exponential func- 
tion of the immersion time and a 


Figure 4. Polymethyimethacrylate coat- 
ing on transformer using tacky under- 
coat. 


linear function of immersion tempera- 
ture. These data are consistent with 
related phenomena. The rate of heat 
transfer is proportional to the tempera- 
ture difference, thus at higher tem- 
peratures more heat is transferred 
noeig in a thicker coating. It is 
assumed that the availability of par- 
ticles is non-limiting. Similarly the 
cooling curve for objects above room 
temperature is exponential with time. 
Thus, it is not surprising that the 
thickness of the coating is also an 
exponential function. The asymptote 
in this latter case is the melting point 
of the coating material rather than 
the ambient teniperature. 


Electrostatic coating 

The use of charged particles and 
electrical fields to coat objects is not 
new. The Ransburg process in which 
droplets are charged, sprayed, and at- 
tracted to grounded substrates is a 
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substrate and the use of electrostatic 
fields to remove ed particles 
from gas streams are examples. 
Therefore, the feasibility of coating by 
electrostatic techniques in a fiuidized 
system has already been demonstrated. 
A detailed treatment of the mechanism 
by which this technique becomes 
operative is beyond the scope of this 
survey article. However, a general ex- 
amination of the mechanisms is 
presented. 

Investigators have reported that 
fluidized particles acquire 
electrical charges. In fact, sparks sev- 
eral feet in length have been ob- 
served from an ungrounded column 
in which a powder was fluidized to 
a grounded object. Standard practice 
now requires that all equipment asso- 
ciated with fluidized systems be well 
grounded, using a single ground. The 
precise mechanism by which the par- 
ticles acquire these charges is not 
clear. The quantity of charge appears 
to be directly proportional to surface 
area, air rate, time, and degree of 
expansion. Humidity decreases charg- 
ing somewhat, and ionized air reduces 
charge to zero. It can be shown that 
fluidized dielectric particles oo 
charge even in a grounded column 
(15). Charges as high as several bil- 
lion electrons/sq. cm./particle have 
been observed in a fluidized bed. The 
equation for charge acquired by par- 
ticles exposed to high potentials has 
been formulated (16) as 


Lv. 
aN, ey 


The particle charge in electrons is 
proportional to the electric field, the 
square of the particle diameter, and 
the time the particle is exposed to the 
field. The term 1/#N,ey is essentially 
the particle charging-time constant. 
The saturation charge approached at 
large values of t is 3E,a*/e. 

To a reasonable approximation the 
force which opposes electrostatic dep- 
osition is given by Stokes’ law: 

F, = 6rnav (7) 
Assuming that the piece to be coated 
is a grounded conductor, the force 
attracting the charged particle to the 
conductor is: 

= (8) 
4r° 
For dense beds, the surrounding oa 
ticles may be assumed to act 
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=. - 
| well known successful industrial ex- 
ef ample. The migration of charged 
, particles through a liquid under the 
; influence of an electrical field to a ‘ 
q 
4 
| 
(6) 
4 
‘ 


a of charge. Then the attractive 
orce becomes 
F,, = — (9) 
Cp 


If charged conductors or nonconduc- 
tors are used as substrates, other 
forces come into play and must be 
accounted for. Combining Equations 
7 and 8, the velocity component in 
the direction of the immersed part is 
v=- (10) 
Once the particles are attracted to 
the grounded conducting surface, 
they are held by electrostatic forces. 
For simplicity, it is expedient to as- 
sume that only the outermost layer of 
powder behaves as a charged plane. 
Equation 9 applies and the charge is 
that on the outermost layer, Q,. For 
the actual case, particle to particle 
charge interaction throughout the vol- 
ume of particles must considered 
as well as the interaction of those 
particles which are adjacent to the 
grounded conducting surface. The 
assumption does not in- 
uce as large an error as might be 
presumed at first sight. It can be 
shown that highly charged particles 
behave somewhat like conductors. In 
contact, they will tend to assume an 
equilibrium energy which is a mini- 
mum. This corresponds to charges 
which reside on the surface alone. 
During deposition, additional parti- 
cles are attracted to the layer of pow- 
der which has already been deposited 
by image charges in the substrate due 
to the charged particles in the bed 
and by image charges induced in the 
ticles by the charge on the outer 
yer of powder. This latter attractive 
force, dielectrophoresis, can be repre- 
sented mathematically (17) as: 


8 or 
(11) 
where @E/dr is the field gradient at 
the particle position. 
en the part containing the pow- 
dered coating is removed from the 
fluidized system, the force holding the 
powder on the substrate is given pri- 
marily by Equation 9. A specific ex- 
ample will illustrate the relative mag- 
nitude of the forces involved and 
the possible utility of this technique. 
Assume a charge per particle per sq. 
cm. of one e.s.u., a dielectric constant 
of 3.14, a dered polymer coating 
bulk specific gravity of 0.5, and a 
surface area of the part to be coated 
of one sq. ft. Then, the theoretical 
thickness of the layer of powder 


Fp = 


which could be held by electrostatic 
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NOTATION 


A, B, 
G 
c 


empirical constants 
article radius (cm.) 
ielectric constant of gas 
(dimensionless ) 
dielectric constant of parti- 
cle (dimensionless ) 
diam, of particle (ft.) 


Cy 


field strength between par- 
ticle substrate (volts 
/em.) 

E, = electric field to which par- 
ticle is exposed (valts/ 
cm.) 

e = electronic charge (4.8 
10-*° ¢€.s.u.) 

€y = electron mobility 

F, = attractive force (dynes) 

F,, = attractive force (dynes/sq. 
cm.) 

F, = dielectrophoretic force 

F, = retarding force (dynes) 

G = mass _ velocity (Ib. /hr.-sq. 
ft.) 

= Newton’s law conversion 
factor—lb. mass/Ib. force 
(ft.) / (sec.)* 

I = final intensity of radiation 

I, = initial intensity of radiation 


L = length of the column (ft.) 

1 = length of the path (cm.) 
M = ion mobility 
N, = ion density in charging zone 

n = particle ge (e ons ) 
Q = charge per unit area 
9p = charge on particle (e.s.u.) 

r = distance particle from 

surface (cm.) 

t = time particle exposed to 

field (sec. ) 

v= velocity (ft./sec.) 
V = volume of bed (a fe) 

v = velocity of icle cm./sec. 
W = in bed 
Ap = meen drop (Ib./sq. ft.) 

(1—«) = fraction solids (dimension- 
less) 

« = p ionality constant 

ergs/sq. cm.—°K) 
ay = mass absorption coefficient 

7 = viscosity (gm./cm.-sec.) 

= viscosity (Ib./ft.-hr.) 

Pg = bulk density (Ib./cu. ft.) 
pr = density of fluid 
Pp = density of der 
Ps = true density of solid (Ib./ 

cu.ft.) 


forces is 40 mils. The coating when 
fused might be 20 mils thick. 

It appears that this technique de- 
serves further exploration. The sever- 
ity of such problems as masking and 
corner coverage are materially re- 
duced, Further, it is possible to fuse 
the coating only, without heating the 
entire part. The chief drawbacks to 
the use of this method appear to be 
the rigid control of process conditions 
which may be required to permit re- 
producibility as well as a natural reti- 
cence encountered whenever highly 
charged particles are considered for 
use in a process. Fig. 3 is a photo- 
praph of an aluminum cylinder coated 

y this technique. 


Thin adhesive undercoat 

Perhaps the best evidence to sub- 
stantiate the utility of this method of 
coating can be shown by Fig. 4. Here 


Pes J. Ga has pub- 


|. Gaynor 

lished in the fields 
of adhesion, boun- 
lubrication, 
electro- 


dary 
rheology, 
static charging in 
high polymers, flu- 
idization and coat- 

ing process funda- 
a mentals. Now in 

the Materials En- 
gineering Laboratory, General Electric, 
he joined the Schenectady firm in 
1955. Gaynor attended Brooklyn Poly- 
technic Institute, and Case Institute, 
where he received an M.S. and Ph.D. 


a small transformer was coated with 
polymethylmethacrylate utilizing a 
thin tacky coating as a base for the 
powder. This technique can be of dis- 
tinct advantage where masking is dif- 
ficult or if the to be coated is 
very large or bulky. A great deal of 
waste heat can be avoided by fusin 
only the coating. Paint, spray, 

dip techniques are all useful in apply- 
ing the tacky undercoat. The adhes- 
ive can have the same chemical com- 
position as the coating materials, or 
it can be a plasticizer for the coating, 
or it can even react with the coating 
material. 
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It Is lf You Consider Only the Initial Cost 


As a major component in processing operation, heat exchangers 
deserve critical study beyond their initial price. Every processor 
should carefully analyze their in-plant cost. Here is where 
standardized, modular Brown Fintube double pipe heat ex- 
changers really offer significant operational savings. 
LOW PRESSURE 


1. LOWER INSTALLATION COSTS: Using one standard B.F.T. HEAT EXCHANGERS 
unit reduces installation costs up to 30%. Bulletin 110 describes Brown's 
2. COMPLETELY SALVAGABLE: When duties change, 8.F.T.  —= revolutionary new heat ex- 
sections are added or stored, never scrapped. changers with improved main- 


3. EASIER MAINTENANCE: Only one type of unit to service. tenance features. For your 
complimentary copy write 


4. LOW PARTS COSTS: Just four standard inexpensive replace- Brown Fintube Company, 300 
ment parts with a B.F.T. equipped plant. Huron Street, Dept. CP7, Elyria, 
5. NO DOWNTIME: Vaiving parallel streams permits double pipe Ohio, "phone FAirfax 3-3291. 
units to be serviced during operation. 
6. STANDBYS READILY AVAILABLE: Standardization permits a 
standby to be stocked, if desired. 
7. IMMEDIATE DELIVERY: From the United States, Canada, 
England, France, Germany, Japan, and Mexico. 


BROWN FINTUBE 


wear reanseen peooucts SYMBOL OF EFFICIENCY IN HEAT TRANSFER PRODUCTS 
For more information, turn to Data Service card, circle No. 109 
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COMPUTER 
PROGRAM 


abstracts 


The Machine Computation Committee of the A.I.Ch.E. is interested 
in receiving program abstracts for publication as part of its program 
interchange activity. Details of this activity are given in the Guide 
to Abstracts and Manuals for Computer Program Interchange, 
which has just been revised based on experience during the first 
year the interchange has been functioning. Copies of the new 
Guide are available at no cost from the A.I.Ch.E. in New York. 


Once again the Committee wishes to emphasize the three rules 
for participation in the interchange program: 
1) Abstracts submitted for publication must follow the form shown 


in the Guide. 


2) The submitter of the abstract agrees to make available for publi- 


cation a —— manual, prepared as described in the 


should su 


cient interest 
8) Abstracts for publication, an 


all 


uide, 


— concerning published 


abstracts, must sent to the Machine Computation Committee 


c/o A.L.Ch.E. 


Two manuals are now available: Line Sizing and Liquid-Liquid Heat 
Exchanger Design. The latter is described on page 161. Scheduled for 


completion before the end of the year are manu 


on Multicomponent 


Distillation (Abstract 020), Nonlinear Estimation (016), Piping Flexibility 
(002), and Plate-to-Plate Distillation Procedure (017). 


Color properties from Bausch and 
Lomb Spectronic 20 colorimeter 
data (036). 

William I. Martin 

Koppers Company, Inc. 

Verona Research Center 

Box 128, Verona, Pennsylvania 
Description: The program uses the 
measurements of percent reflectance 
at ten wave ionatia of either a Pig- 
mented or unpigmented plastic sample 


aD 
a 


obtained on a Bausch and Lomb 
Spectronic 20 Colorimeter. It calcu- 
lates yellowness and brightness of a 
sample following procedures in In- 
strument Development Laboratories, 
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Inc., Color Eye Manual, and B. and L. 
Color Analyzer Reflectance Attach- 
ment for Spectronic 20 Colorimeter 
Manual. The program also calculates 
x and y chromaticity diagram coordi- 


nates, luminance, dominant wave 
length and reent purity using 
methods descri in ASTM Methods 


D 307-44, D 791-54 and the basic 
formulas also given in Science of Color 
by the Committee on Colorimetry of 
the Optical Society of America. 
Computer: IBM 650 basic 

Language: SOAP 

Running Time: One hundred calcula- 
tions in under five minutes or 750 
calculations in fifteen minutes. 
Availability: A manual could be pre- 
pared if sufficient demand develops. 


Equilibrium constants from the 
Benedict-Webb-Rubin equation of 
state (044). 

D. J. Hartline 

Design Engineering Division 

Esso Research & Engineering Co. 

P. O. Box 209, Madison, New Jersey 


- Description: This program will calcu- 


late the vapor-liquid equilibrium con- 
stants for any mixture of methane, 
ethylene, ethane, propylene, propane, 
isobutane, isobutylene, normal bu- 
tane, isopentane, pentane, normal 


hexane, and normal heptane. It is 
limited to these twelve components, 
for which Benedict-Webb-Rubin equa- 
tion constants are available. 


| Benedict, Webb,ond Rubin 
(BRT-A- 
+(bRT-a)d, + 
+ 


The input data — are tem- 

ature, pressure, an approxi- 
mole fraction of each 
nent in both liquid and vapor. 
programs will calculate and print out 
equilibrium constants for practically 
any temperature, pressure and combi- 
nation of mole Gestiens submitted, 
whether they have any physical sig- 
nificance or not. 
Computer: IBM 704, 4,000 words 
core memory or larger. 
Program language: Fortran I. 
Running time: Approximately one-half 
minute to read in the program on 
cards then 10-15 seconds per prob- 
lem. 
Availability: The manual on this pro- 

am can be made available for pub- 
cation should interest develop. 


Selective curve set (053). 

J. R. Walker 

Celanese Chemical Company 

Data Processing System 

P. O. Box 561 

Corpus Christi, Texas 

Description: Given a set of x-y data, 
this program calculates the coeffi- 
cients for thirty-six simple, arbitrarily 
selected empirical equations. Three 
aditional quantities are calculated for 
each equation to help determine the 
quality of the fit. 

The thirty-six equations are ob- 
tained by analyzing the dependent 
variable y for a relationship to the 
independent variable x as: 


y (x) +B 
1 


CHEMICAL ENG'NEERING PROGRESS, (Vol. 56, No. 7) 


‘ 
. 4, 
Je 
: 
HA | 
. 
‘ 
| 
| 
i 
2 
4 
; y =m¢ (x) +B 4 
y= 
continued on page 82 in 


MC-3302 
Transistorized 


Repetitive 


Radar Tracking Computers Display Analog Computer 


MC-5900 Process Master Data Plotting 


MC-5800 Precision 
Master Analog Computer 


A NEW COMPUTER TECHNOLOGY 


solving problems hitherto unsolvable 


Dystac yields a plate-by-plate display of all column conditions. 


Dystac (Dynamic Storage Analog Computer) synthesizes the 
advantages of both analog and digital computers. Dystac com- 
bines the analog’s speed, lower cost, ease of programming, and 
improved output data presentation with the digital computer's 
unique capacity for data storage and time sharing of computer 
elements. With Dystac you can now solve the most complex 
problems, ranging from distillation column design to multi- 
dimensional heat transfer... from boundary value problems to 
transport lags. 


In distillation column design, for example, Dystac employs 
only 44 amplifiers on a four-component problem; the number of 
amplifiers required is independent of the number of plates. With 
any other analog computer each plate must be reproduced in the 
circuitry —for a 30-plate column, over 1200 amplifiers are needed 
unless manual reprogramming is employed. What’s more, only 


> 


In heat transfer studies, Dystac will speedily and accurately 
solve hitherto unsolvable partial differential equations. It also 
makes practical for the first time instantaneous solutions to such 
trial-and-error problems as automatic optimization, automatic 
correlations, data fitting, probability distribution, Fourier analy- 
sis, convolution and superposition integrals and eigenvalue. 

When you buy a CSI computer with Dystac you are buying 
more than the finest general purpose analog computer. You buy 
additional capacity as well as capability. For when Dystac ele- 
ments are not in use as memory devices they are available to the 
computer as operational amplifiers. Planning to interconnect 
digital and analog computers? Dystac is the answer. 

See Dystac in operation at our plant. If you can’t attend a 
demonstration write, phone or wire for full information. 


COMPUTER SYSTEMS, INC.., Culver Road, Monmouth Junction, N. J. + DAvis 9-2351 


A Schlumberger 


Subsidiary @ formerly Mid-Century Instrumatic Corp. 


For more information, turn to Data Service card, Circle No. 88 
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(1000°F) or cold (—350°F). 


This pump can handle anything pumpable because it has 


virtually everything in the way of features to solve even the 
toughest pumping problems encountered in the chemical and 
process industries. 


Spacer coupling — to permit removal of impeller, shaft and bearings without disturb- 
ing either motor or piping. 


Centerline support — to prevent misalignment in handling high temperature liquids. 


High efficiency enclosed impeller 


Extra deep packing box, renewable sieeve — usable either with packing or mechanical 


Large diameter shafts, heavy duty bearings — for longer, trouble-free life. 


Available in all metals and alloys — carefully chosen to provide best performance for 
material to be pumped. 


In a complete range, from 1144” to 16” 


LAWRENCE PUMPS 


371 Market Street, Lowrence, Mass. 
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If it’s pumpable . . . this process pump can handle it! 
Here — for the chemical and process industries — is a truly 
notable achievement in pump design . 
capable of handling any pumpable fluid — corrosive, hot 


Send fo 
for the 


. . @ process pump 


Bulletin 203-8 
complete story 
of Lawrence chemical 
and process pumps 


For more information, turn to Data Service card, circle No. 77 


Whatever our 
pumping problem, 
we can save you 
time and money. 
Write us the perti- 
nent details. No obli- 
gation, of course. 


Computer abstracts 
from page 80 


where @ (x) is sequentially: 
x 


1/x 
log x 
e* 


x? 

1/x? 

x log x 
(1 + x)x? 
(1 — x)x? 
log x/x 
(1 + x) 
(1 — x}? 

Each uation’s coefficients are 
calculated by the method of zero 
moments. A standard deviation, which 
is the standard deviation of the resi- 
dues from the predicted line, the 


Machine Computation 
| Committee 


A.L.Ch.E. 
125 West 45th Street 
| New York 36, New York 


|! am interested in computer pro- 
I gram manuals corresponding to the 
| following abstracts: 


|) Color properties from Bausch 
l and Lomb Spectronic 20 colori- 
| = meter data (036) 


Selective curve set (053) | 


0 
-] Equilibrium constants from the | 


| Benedict-Webb-Rubin equation of | 


state (044) | 


Check one of the boxes below: l 


0 | plan to purchase copies of the | 


manuals checked after they are | 
published. | 
I wish to place an order for one ! 
copy of each manual checked. | 


0 

[) 1 wish to place a blanket order 
for one copy of each manual 

published by the A.1.Ch.E. 


! 

! 
11 wis to place an order for one 
j COPY of the manuals now available. 
1. Line Sizing (Abstract 


uid Heat Ex- | 
018) | 


. 2. Liquid- 
Design ( 
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maximum absolute deviation that oc- 
curs in the data set, and the position 
of the maximum deviation are re- 
ported for each equation. 

Computer: Burroughs 205; paper tape 
input-output. 

Program language: Burroughs 205 
machine code. 

Running time: The running time is 
dependent on the number of data 
ints used. A sample run containin 

16 points iy x-y values) requi 

a ximately one minute ua- 
thn punch-out of the cal- 
culated and constants 
along with the alphabetic equivalent 
of each equation. 

Availability: A manual will be pre- 
pared if sufficient interest in this pro- 
gram develops. 


An expansion in facilities at Good- 
year's vinyl resins plant at Niagara 
Falls, N. Y., will double capacity for 
two specialty dispersion resins—Pliovic 
WO and Pliovic AO. The $1 million 
addition will add about 20 million 
ee annually to total plant output. 
art of the company’s overall $90 
million capital expenditure program 
for the year, it is expected to be in 
production by late this year. 


Modernization of methyl chloride, 
methylene chloride and chloroform 
production facilities at the Belle, W. 
Va., plant of Diamond Alkali Chlorin- 
ated Products Division, are part of a 
long range expansion program. Con- 
struction will start shortly. 


Plans to triple uction of isocyan- 
ates at Allied Chemical’s Moundsville, 
West Va., plant are underway. New 
construction will be done in stages, is 
due to be completed in mid 1961. 


Lithium com: will be 

and sold in the United States under 
an agreement between U.S. Borax and 
Lithium Corp., making U.S. Borax 
sales agent. The agreement covers 
the sale of lithium compounds used 
by the ceramic and glass industries, 
as well as joint development and 
other industrial uses 
or lithium. 


Nylon tire cord monofilament and 
molding compounds will be manu- 
factured by a new company, Allied 
Polymer Pty. Ltd., Australia. Jointly 
owned by Allied Chemical and Poly- 
mer Corp., initial capacity of the firm 
is sufficient for all current needs of 
the Australian market. Pending start- 
up of the Australian facilities, Poly- 
mer will market the Plaskon nylon 
molding compound manufactured in 
Virginia. 
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FILTERING 
SIZING 
STRAINING 


TESTING 


In all metals, in all weaves 

... woven to the highest accuracy 

standard in the industry. You just can't 

buy a better wire cloth than “NEWARK.” 

Hundreds of meshes, weaves and metals to fit your 
specific need. Years of processing experience to 
help you pick the right wire cloth for your 


application. Write for Bulletin FC or write us about a 


your problem. Fast deliveries, best cloth, 
lowest cost when you call on NEWARK. 


NEWARK 
/taccuracy 


Jire Sloth 


COMPANY 


351 VERONA AVENUE + NEWARK 4, WN. 4. ~ 
For more information, turn to Data Service card, circle No. 53 
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industrial 
news 


More maleic 
from new process 


Butylene oxidation process is low 
cost, higher yield, says Petro-Tex. 
New Houston unit marks entry into 
maleic anhydride. 


A NEW MALEIC ANHYDRIDE produc- 
tion process, using low cost C, hydro- 
carbons as a starting raw material, 
bolsters another entry into the com- 
mercial maleic picture. Petro-Tex 
Chemical is building one of the 
largest maleic units ever engineered 
at one time within its plant complex 
at Houston, Texas: 30 million pounds 
annual capacity. 

Advantage of its new butylene oxi- 
dation process, the company says, is 
the straightforward oxidation of four- 
carbon feedstock to produce the 
maleic, This is an improvement, they 
say, over the six-carbon benzene 
which inherently loses one-third of 
the feedstock. Maximum theoretical 
— of maleic from benzene are 
imited by the loss of two carbon 
atoms when the six member ring is 
split to form the four carbon dibasic 


facture of carbon disulfide. 


Comparison of methane versus liquid petroleum fractions in the manu- 


Storage spheres and process columns at Petro-Tex Chemicals, Houston, Texas, 
complex, where maleic anhydride unit using new butyiene oxidation process is 


under construction. 


acid anhydride. While earlier attempts 
to make maleic from butylene and 
butadiene were unsuccessful, Petro- 
Tex says that its process manages to 
achieve yields higher than those ob- 
tained from benzene. And there is 
considerable room for further im- 
provement in yields and costs, it 
claims. 

The new process has the advantage 
of lower unit cost for its raw materials 
since the multi-million dollar facility 
will use the feedstock streams, utili- 
ties, and services of the Houston 
complex. Thus it will take advantage 
of the high volume production of 


Basis: One Pass through Converter 
Methane Process: ~ CH, + 4.4S = .75CS, + .25CH, + 1.5H.S + 1.4S 
Fuel Oil Process: 
Fuel Oil CH, , + 2.975 = CS, + .7H,S + 0.278 
Heavy Residuum CH + 2.75S=CS, + 5H.S + 0.25S 
(Approximate Values ) 
PROCESS Methane Petroleum Liquid 
FEED: Methane Gas Oil Heavy Residuum 
Empirical Formula CH, CH,, CH 
Feed Needs Purification Before Use Yes No No 
Economical Transportation Other 
Than By Pipe Line No Yes Yes 
Assumed Conversion per Pass 75% 100% 100% 
Sutrur (lbs/Ton CS; Produced): 
To Vaporize & Superheat 4940 2501 2316 
To Recycle: 
From sulfur feed 1572 227 211 
From H.S oxidation 1684 589 421 
Total 3256 816 632 
RECOVERY & PURIFICATION 
(After sulfur removal from reacted gases): 
Moles CS, per 100 moles reacted es 30 4l 67 
Moles gases to condenser per ton CS, produced 88 45 39 
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four-carbon feedstocks at the unit. 

Engineering for the facility will be 
done by Scientific Design, engineers 
of a good percentage of the world’s 
maleic capacity, all by the conven- 
tional benzene method. Some of the 
SD processing know-how will be 
used in areas outside of the oxidation 
step. 

Major factor in Petro-Tex’ decision 
to enter the field right now is not 
only continuing growth of the market, 
but also the fact that older and more 
obsolescent facilities may not be able 
to supply needs on a competitive 

# 


basis. 


New carbon disulfide 
process 


Liquid petroleum fractions manu- 
facturing method ready for pilot 
plant development, international 
significance seen. 


A NEw process which employs liquid 
petroleum fractions instead conven- 
tional methane gas in carbon disulfide 
ged has made 
or pilot plant development by inter- 
While full details 
are not released, it is known that the 
process produces a higher yield of 
carbon disulfide with less by-products, 
and requires less handling and heat- 
ing of sulfur per ton of carbon di- 
de produced. | heavy res- 
iduum, it makes more than twice as 
many moles of carbon disulfide per 
hundred moles of reacted gases. As 
a result, recov uipment and re- 
on page 86 
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of capital equipment to our customers’ profit 
structures, Western's engineers have for many years 

applied cost-engineering principles to the design and 
fabrication of all Western Heat Exchangers. 

This has special significance in continuous flow processes, 
where operations never cease and where operational J 


and maintenance economies often spell the difference 
between profit and loss. 


With an intimate knowledge of heat transfer _ 
technology as well as process operating conditions, Western 
has often been able to aid in such evaluation and 
long-range economy by suggesting short-cuts and 
improvements, while yet maintaining the efficiency and Se 
quality for which Western Heat Exchangers have gained respect [1] 
Western's engineering staff takes professional 

pride in the accuracy of their evaluations, and they 

can be of great benefit to your own cost 

engineers when heat transfer is a factor in your process 
developments. Why not put them to the test? 


Recognizing the importance of accurate — 


WESTERN’S STAKE IN 


. is in the young engineers who are interested in the specialty of 


ME ERING stern 


; evaluation of heat exchanger 


“cost-engineering” in heat transfer economics. To stimulate such thought, 
another of Western's “personal-professional-advancement” messages, 
partially shown at right, currently appears in several trade journals. A 
more complete treatment of the subject is available in pamphlet form, 
singly or in quantity, upon request. 


One of a series appearing in 
OIL & GAS JOURNAL, CHEMI- 
CAL ENGINEERING, PETRO- 
LEUM REFINER, REFINING 
ENGINEER, CHEMICAL ENGI- 
serving the growth of the process industry NEERING PROGRESS. 


WESTERN 


WESTERN SUPPLY COMPANY 
P. O. Box 1888 — Tulsa, Oklahoma 


For more information, turn to Data Service card, circle No. 2 
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Design Economics of 
Heat Exchangers 
Furnish Basis for 
Heat Transfer Cost 
Engineering 


The application of cost engineering 
practices in the accurate evaluation 
of capital equipment in the process 
industry is rapidly becoming more 
and more vital to the management 
of process companies, as margins 
of profit grow narrower. 
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4 YOUR FUTURE 


New 4-Pass 
Shell and Tube “on 
Cuts Water Usage 75% 


Where critical water shortages, and high water 
rates are prime factors, specify the new Young 
4-Pass water-conserving Heat Exchangers. If 
corrosion is a concern, specify a stainless steel 
design. Over 100 sizes are available from stock, 
including single and 2-Pass models. Write for 
Catalog No. 1258A. 


f Load 
RIZONTAL 


changers featuri 
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HC Units are high-capacity, forced-draft air cooled heat ex- 


vertical air discharge. They are ideal for 


cooling acids, light or heavy end liquids, caustics, oils, for 
condensing vapors or steam, or for maintaining temperature 
control of various solutions. 

Young Sales engineers are ready to help you solve any heat 
transfer problem. Write for Catalog No. 557. 


Write Dept. 470-G 
for all your atmospheric and 
fluid cooling requirements see 


YOUNG RADIATOR COMPANY 


General Offices: Racine, Wisconsin 
Plants at: Racine, Wisconsin and Mattoon, Illinois 


For more information, turn to Data Service card, circle No, 61 


Disulfide process 
from page 84 


frigeration requirements are much less 
than for the methane process. 

The liquid petroleum process is 
called “revolutionary” by its creator, 
Carlisle M. Thacker, technical direc- 
tor of Taylor Fibre Co., Norristown, 
Pa. He says that it is more economical 
than the methane process, which he 
also developed, and the multiple- 
retort process. Estimates on cost are 
that the process will need about 25 
percent less in plant investment and 
15 percent less in production costs 
than the others. 

Low cost fractions are most suit- 
able for this process: gas oils, fuel 
oils, and petroleum residuums, par- 
ticularly petroleum liquids, containing 
high concentrations of sulfur. These 
are much cheaper than the natural 
gases from which methane is obtained. 

The process also makes feasible the 
installation of production facilities in 
countries where degree of industrial- 
ization is varied, because the capacity 
of the facility can be determined by 
demand for carbon disulfide in the 
manufacturer's trading area. An im- 
portant advantage over methane 
would be greater flexibility in trans- 
porting. Since methane can be trans- 
ported economically in large volume 
only through gas pipe lines, plants 
using methane gas must be located 
either at methane gas producing cen- 
ters or along gas pipe lines. This 
rules out the use of methane in many 
countries, as well as in many areas 
of the United States. Liquid petroleum 
fractions can be transported econom- 
ically by pipelines, sea going tankers, 
tank cars and tank trucks. 

Thacker predicts that carbon di- 
sulfide plants will help meet the 
demand for increased amounts of the 
solvent for rayon, cellophane and 
carbon tetrachloride production, . 
ticularly where low volume aches 
tion is required as in captive plants 
of carbon disulfide users. # 


Construction of a chemical complex 
to convert hydrocarbons is planned 
by The Borden Co. and U.S. Rubber. 
A new jointly owned company, Mono- 
chem, has optioned several plant sites. 
Capacity will be more than 80 million 

unds of acetylene and 150 million 
of vinyl chloride monomer annually. 
Major initial use would be by Borden, 
in the manufacture of vinyl pete 
resins. Both plants will erect adjacent 
individually owned plants which will 
use the output of Monochem for 
manufacture of other chemical prod- 
ucts. 


For more information, circle No. 119 ® 
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60% Interest in Mallory- 
Sharon Metals Acquired 
By National Distillers 


New Name—Reactive Metals, Inc. 


National Distillers, formerly one-third 
owner of Mallory-Sharon Metals Corpora- 
tion, has recently acquired a 60% interest 
in the company. The operations of Mallory- 
Sharon Metals are being integrated with 
those of its now 100%-owned subsidiary, 
Johnston & Funk Metallurgical Corp., and 
the combined company is to be known as 
Reactive Metals, Inc. Sharon Steel Corp. 
owns 40% interest in Reactive Metals. 

This reorganization will make Reactive 
Metals one of the world’s largest pro- 
ducers of special metals such as zirconium 
and titanium sponge and 
mill products, and colum- x> 
bium, hafnium, molybde- 


Production of Nonfood 
Units Estimated at 575 Million 
In 1959, C.S.M.A. Reports 


1959 Figure Represents 22% Increase Over 1958. Hair Sprays 
Lead for Forth Year, but the Figure Is Down From 1958 


On May 18, at the annual meeting of the Chemical Specialties Manufacturers 
Association in Chicago, it was revealed that an estimated 575 million nonfood 
aerosol units were produced in 1959. This represents a growth of 22% over 1958, 
when 470 million units were estimated. 


In a study reported recently, methionine 
requirements of men over 60 were deter- 
mined by the nitrogen balance technique. 
It was discovered that they needed from 


| 2.4 to 3.0 grams of methionine per day— 


m | more than twice the amount of 1.1 grams 


Zirconium oxide kiln in chemical processing 
section of Reactive Metals zirconium sponge 
plant ot Ashtabula, Ohio. 


Corrosion Costs Slashed by 
Large-Scale Titanium Use 
Two ore processing units, completed in 

the past year, are the first Chemical Pro- 
cess Industry installations to make exten- 
sive use of titanium equipment in highly 
corrosive service. The decision to use ti- 
tanium was based on 15 months of pilot 
plant studies in which the higher-priced 
metal proved most economical in terms of 
equipment life expectancy. 

Titanium was tested against stainless 
steels, Hastalloys, Monel, other alloys and 
nonmetallics, for leaching reactors and 
piping to handle mixed ore and 10% 
sulfuric acid and for oxidation autoclaves 
and piping subject to dilute acid, all at 
high temperatures and pressures. Tita- 
nium showed almost no corrosion, came 
out first among all the mate- 
rials tested. | MORE 

As a result of these 


reported necessary for young men. 
Nitrogen equilibrium was established 
for a group of men over sixty fed a diet 
of ordinary food with known nitrogen con- 
tent. With the information thus obtained, 


contained the same amount of total nitro- 
gen. This diet furnished all essential and 
non-essential amino acids in the ratio 
found in egg protein. 

This second diet included three grams 
of methionine per day. The methionine 
level was gradually reduced until a nega- 
tive nitrogen balance was obtained. Con- 
trol and test diets were alternated until 
the methionine needs of the men were 
determined accurately. 


U.S.I. Announces Booklet 
On Polyethylene Printing 


“Printing of Polyethylene” is the title 
of a new U.S.L. booklet now available. It’s 
the latest addition to special U S.L. litera- 
ture designed to heip achieve finest results 
with polyethylene film. 

The new booklet discusses methods of 
film treatment, printing techniques, print- 
ing inks and field test procedures. It also 
contains a glossary of commonly-used ink 
and printing terms. 

A copy of the 16-page booklet can be 
obtained by writing to the Technical Lit- 
erature Department, U.S.I1. 
News, 99 Park Avenue, New York 16, 
New York. 


| claim 15% of total production. 


ed, sprays advanced from fourth to third spot 
a semi-synthetic diet was given them which 


Chemical 


| The retail value of these units in 1959 


Methionine Needs Reported | 
Higher in Men Over Sixty 


was about 34 of a billion dollars. 

The CSMA figure is based on reports 
from container and valve makers and on 
responses from 58% (115 out of 198) of 
the known aerosol fillers—adjusted to ac- 
count for nonreporting fillers. The actual 
number of units reported for the year was 
498 million. 


How the Major Products Ranked 

For the fourth year now, hair sprays 
topped the list, and accounted for 16% 
of the total units reported. Shaving lathers 
moved up from third to second place to 
Insect 


with 13%. Room deodorants, formerly sec- 
ond, ranked fourth with 12%. Coatings 
remained in fifth position with 11%. 


4 


It is to be noted that aerosol cologne 
and perfume production went up from 
14 to 34 million reported units in 1959. 
And that containers under one ounce ac- 
counted for 17% of the perfume and 
cologne units reported for the year. A 
separate category for Waxes and Polishes 
was sei up under Household 
Products in 1959, and re- 
vealed a total of 12 million 
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Aerosols 


CONTINUED 


units for the year. Also for the first time, 
a separate figure for Canadian aerosol 
production was included—a total of 20 
million units from eight Canadian pro- 
ducers. These figures are included in the 
overall survey for continuity purposes. 


U.S.1. Products Used in Aerosols 


U.S.L. products, ethyl alcohol and poly- 
ethylene, are playing an important role 
in the large and steady growth of the 
aerosol industry. Anhydrous ethyl! alcohol 
is a vital ingredient in the top-ranking 
products—hair sprays and room deodor- 
ants—and in the growth leaders—perfumes 
and colognes. It is widely used in other 
personal products, and in pharmaceuticals 
now sold in aerosol form. Polyethylene is 
used for dip tubes and valve parts. 

Last year we reported a forecast by one 
of the largest makers of aerosol containers 
—that total production of aerosols would 
reach 555 million units in 1959. It looks as 
if the prediction wasn’t optimistic enough. 
Let’s see what 1960 brings! 

Reactive 


CONTINUED 


num, tantalum, tungsten and vanadium 
mill products. With total assets of over 
$50,000,000, the company plans to con- 
tinue emphasizing the production of a 
wide variety of special metals so that it 
will be in a position to expand its interest 
in one or all of them as markets develop. 

The contract under which Brideport 
Brass Company has been managing Mal- 
lory-Sharon Metals will be revised to cover 
Reactive Metals. Executive offices of 
Reactive Metals will be located at Bridge- 
port, Conn. Titanium and zirconium 
sponge division headquarters are at Ash- 
tabula, O.; columbium, molybdenum and 
tantalum mill products division at Hunts- 
ville, Ala.; titanium, zirconium and spe- 
cial steel mill shapes division at Niles, O. 


Ethy! Alcohol Pure ond all 
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Organic Sol end 

Fuse! Oil, 

DIATOL ® Diethy! 
Ortho-C 


Oxalate, 


denatured formulas; Anhydrous and 
Denatured Alcohol Solvents SOLOX®, FILMEX®, ANSOL@M, 


Normal Buty! Alcohol, Amy! 
Ethy! Acetate, Norma! Buty! Acetate, Diethyl 


Titanium 


CONTINUED ' 


studies, titanium was employed as follows: 
In leaching reactors, overflow pipes were 
lined with titanium; reactor draft tubes, 
nozzle inserts, and pipe lines connecting 
reactors, slurry heaters, slurry coolers and 
flash tanks, were made of titanium. In 
autoclaves, titanium was used for agitator 
shafts and blades, autoclave nozzles, con- 
necting piping including letdown valves. 

To cut costs, engineers made exact cal- 
culations of metal thicknesses required, 
figured sizes and lengths of pipe as pre- 
cisely as possible, carefully arranged 
equipment layouts. In design and produc- 
tion, many basic problems of titanium 
fabrication were successfully solved, and 
many economic considerations worked 
through. Other companies in the process 
industries can now apply the considerable 
knowledge gained on this project to utilize 
the vast potentials of titanium as a corro- 
sion-resistant material. 


New U.S.I. Ethyl Acetate 
Data Sheet Now Available 


Three grades of ethyl acetate are de- 
scribed in a new technical data bulletin 
just released by U.S.L. The grades are: 
commercial 85-88% ester; 95-98% ester; 
and 99% ester (acetic ether). Data in- 
clude specifications, properties, 
shipping information and uses. 

Ethyl acetate is the standard fast-evapo- 
rating solvent for nitrocellulose. It is used 
as a solvent to process or produce lacquer, 
varnish, smokeless powder, photographic 
film, pharmaceuticals, perfumes, textiles, 
plastics, coatings, cleaners and many other 
products. It is also a chemical interme- 
diate for the manufacture of ethyl aceto- 
acetate and ethyl sodium oxalacetate. 

For a copy of the new data sheet, con- 
tact your nearest U.S.I. sales office or 
Technical Literature Dept., U.S.I. Chem- 
ical News, 99 Park Ave., N. Y. 16, N. Y. 
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acetate, Ethy! Benzoylacetate, Ethy! 
Sodium Oxalacetate, Sodium Ethyla’ 
Riboflavin 


Chioroformate 


Ethy | 


Vroducts: DL-Methonine, N-Acetyl-DL-Methonine, Urethan 


PETROTHENE®.. Resins 
MICROTHENE . .. Finely Divided Polyethylene Resin. 


DL-Methionh 


= Deveiorments 


Information about manufacturers of these 
items may be obtained by writing USI. 


New said to lower elevated blood 
cholesterol levels dramatically with virtually no 
side efiects, is now on market. No dietary restric- 
tions necessary. Contains aluminum nicotinate 
which hydrolyzes in body. No. 1610 


Benzotrifluoride and its ortho-, meta-, and para- 
chloro isomers now available on ‘commercial 
scale. Suggested uses include manuiacture of 
diuretics and tranquilizers, dyestulis, biocides, 
dielectric fluids. No. 1611 


Stabilized formaldehyde solutions now ovail 
are said to permit sale storage at temperatures 
well below previously recommended levels. Mini- 
mum for 37% solution (1% methanol) has been 
reduced from 90 F to 60 F No. 1612 


Tritiated L-histidine, new radioactive materia! 
for biochemical tracer studies, now available. 
Since D-form is absent, this pure tritiated L-amino 
acid is said to eliminate background interference 
in radioautographs. No. 1613 


Special circular slide rule for so qptving atomic fall- 
out probleme is being sold. Quickly tells what 
level will anytime after an area 
experiences atomic fallout from atomic bomb or 
similar nuclear occurrences. No. 1614 


Pure crystaliine xenthopterin now being offered. 
Saia to extend possible application of compound 
in research on purine and nucleic acid metabo- 
lism in normal and neoplastic cells. No. 1615 


Activated charcoal paint now available can be 
coated on any surface to give odor adsorptive 
roperties to rooms, containers, fabrics, etc. Can 
removed by water scrubbing alter decon- 
tamination operations, it is claimed. No. 1616 


determination of arsenic in 


For rts/billion 
amounts, stable reagent grade of silver gay 
dithiocarbamate has been developed. With ar- 


sine, forms soluble red complex whose absorb- 
ance is proportional to concentration of arsenic 
over wide range and is easily measured. No. 1617 


Two new radicacti b ds. corti- 
sone-4-C™ and cortisone-4-C™ acetate, now on 


market. These anti-inflammatory, anti-allergic, 
eee agents are used in adrenal cor- 
tical insulficiency studies. 8 


All existing information on sodium chloride has 
been compiled for the first time in a new, 752- 
page monograph now being sold. Brings together 
all modern data on salt sources, production, 
properties, uses. No. 1619 


MOREA® Premix (to authorized mixer- 


Animal Feed Prods 
distributors). 


USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corporation 
99 Park Avenue, New York 16, N. Y. 


Atlanta * Baltimore * Boston * Chicago * Cincinnati * Cleveland 
Detroit * Kansas City, Mo. * Los Angeles * Lovisville * Minneapolis 
New Orleans * New York * Philadelphia * St. Lovis * San Francisco 
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news 


MCA opposes “‘per 
cancer clause 


Tue “PER SE” PROHIBITION against pos- 
sible cancer producing substances in 
food, contained in the Food Additives 
Amendment to the Food, Drug and 
Cosmetic Act, should be eliminated 
as unnecessary, the Manufacturing 
Chemist’s Association believes. Adding 
its voice to the current discussion on 
the use of chemicals in food, and on 
the amendment which went into ef- 
fect in its entirety in March, the 
Association stated that as an alterna- 
tive, the clause should be modified to 
substitute scientific evidence for legis- 
lative fiat in evaluating the safety of 
such substances. MCA’s views were 
expressed by James M. Gillet before 
the one-day session on food additives 
held before the Wisconsin Legislative 
Council Agricultural Committee at 
Madison, Wisconsin, in March. 

A similar cancer clause in the 
Color Additives Bill pending in the 
House, in MCA’s view, also the 
consideration of scientific evidence in 
evaluating such substances. 

The Food Additives Amendment 
provided that any substance not 
recognized by experts as safe under 
the conditions of its intended use, or 
which has not been sanctioned under 
existing laws, which is proposed for 
use so that it may either become 
of the food, or affect its quality, must 
first be proved to be salt for its in- 
tended use. (This applies to interstate 
commerce.) Clearance of new food 
additives can be obtained only after 
the Commissioner of Food and Drugs 
has issued a regulation announcing 
the conditions under which safe use 
has been established. 

Later, the “ se” provision was 
added to the bill. This applies against 
any substance that could conceivably 
cause cancer under any conditions, no 
matter how remotely connected with 
the conditions of intended use. The 
1906 original Pure Food Law simi- 
larly provides that any poisonous sub- 
stance which might render the food or 
animal feed injurious to health could 
not be added. Thus, Gillet said, a 
substance which when added would 
save the farmer, the processor and the 
consumer large sums of money -- the 

revention of ilage, was i 
need several thousand pounds of food 
at one sitting to ingest a minimum 
dose. 
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Shear-Flow’s high shear action produces finer, 
faster blending, dispersing and homogenizing. 
The new Model RL Shear-Flow portable mixer 
represents a major advance in mixer design. 
The new Hi-Shear Head consists of two rotating 
impellers and two stationary stators enclosed 
in a cylindrical housing. The fine clearance 
between impellers and stators results in rapid 
shearing action and a high degree of tur- 
bulence, resulting in a more complete reduction 
of agglomerates within the mixture. 


© Greatly reduces mixing time 

¢ Uniform circulation—no vortex 
eEmulsifies immiscible liquids 

¢ Controllable flow pattern 

¢ Chemically inert seals 

Handles viscous materials with ease 


operating torque 


- HAS A GOOD HEAD 
FOR BUSINESS ff 
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Adjustable deflector plate Three basic portable 
for 


ing | to 


controls flow pattern for 
desired mixing action and 
air entrainment. 


Write today for complete information on the 
Shear-Flow line of mixers. 


GABB SPECIAL PRODUCTS INC. 
Windsor Locks, Conn. 


For more information, turn to Data Service card, circle No. 4 
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J. M. Dace & R, C. DeHart, 
Southwest Research Institute 


Nuclear fire and brimstone 


Technical evaluation and pre- 
liminary cost estimates indicate 
feasibility of using underground 
nuclear blasts to exploit Frasch- 
type sulfur deposits. 


RESULTS OBTAINED UNDER THE AEC 
Plowshare Program have shown that 
nuclear detonations may be com- 
pletely contained under ground. This 
has prompted a consideration of the 
technical and economic feasibility of 
using underground nuclear explosions 
for mining sulfur. The nature of 
Frasch-type sulfur deposits, together 
with the relatively low melting point 
of sulfur, appears to lend itself read- 
ily to such an undertaking. 

The Frasch or salt-dome type de- 
posits are characterized by a barren 
anhydrite or gypsum layer across the 
top of the dome. Above this occurs 
the cavernous sulfur-bearing lime- 
stone. Still higher up is a barren lime- 
stone cap rock which is covered by 
various unconsolidated sediment 
deposits extending up to the surface. 


Productive cap rocks occur at depths 
ranging from 500 to 2,000 feet. The 
barren cap rock varies in thickness 
from 5 to 200 feet. The sulfur-bearing 
formation varies from 25 to 350 feet 
in thickness, and generally contains 
between 20 to 40% sulfur by volume. 
The anhydrite layer generally varies 
in thickness from 50 to 400 feet. Be- 
low this, rock salt exists down to an 
unknown depth. (Only about 5% of 
the salt domes have proven to have 
sulfur-bearing cap rocks). 
Nevada test sites 

Results of core drilling at the test 
sites used by AEC in Nevada seem to 
indicate the following sequence of 
events. At the moment of the explo- 
sion, a cavity is produced and its 
walls are heated to several thousand 
degrees Centigrade. The size of this 
cavity and the resulting stresses and 
temperatures in the soil can be prede- 
termined from certain basic data. The 
cavity is surrounded by a shell of 
fused material which exists a suffi- 
ciently long time for droplets and 


icicles to fall from the roof. The - 

half of the cavity soon begins to col- 

lapse, and progressive caving takes 
lace above the center of the cavity 
orming a chimney. 

Conservation of energy 

In the explosion of a conventional 
high-explosive bomb, nearly all of the 
energy released appears immediately 
in the form of blast energy. In a nu- 
clear explosion, however, about 50% 
of the total energy is utilized to cause 
blast and shock, with 35% going into 
thermal radiation. Thus, much higher 
soil temperatures can be produced by 
nuclear explosives than by conven- 
tional explosions. 

Because of the self-insulating prop- 
erties of solid sulfur, the heat fiber. 
ated by a nuclear explosion set off in 
the sulfur-bearing formation (Figure 
1) would be an effective way to trap 
and retain the heat. Molten sulfur 
running out of cracks and fissures 
would soon fall below its freezing 

int of 238°F, and these esca 
paths would be blocked. Sulfur has an 
unusual viscosity curve in that, above 
320°F, its viscosity increases rapidly, 
making it difficult to handle. Above 
375°F, the viscosity curve decreases 
up to the boiling point of 832°F. In 
view of this, production from a blast 
directly in the sulfur formation should 
be attempted immediately after deto- 
nation, or a sufficient time should be 
continued on page 92 


Rock salt |’: 
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Nuclear explosion in the sulfur-bearing formation. 


Nuclear explosion below sulfur-bearing formation. 
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Exclusive Controlled 
Compressible Port Seal 
provides fast, positive | 
shutoff in any service... ji VALVES 


Controlled sealing ...a new concept in 
valve design .. . is the secret of Hydril’s 
tight, bubble-proof shutoff. Hydril Ball- 
Plug Valves always seal positively 
against pressure from either direction — 
or against vacuum —because the fully 
confined packing ring is mechanically 
compressed between plug and seat when 
the valve is closed. This tightly com- 
pressed gasket type seal easily bridges 
clearances between parts as well as sur- 
face imperfections. Result: seal effi- 
ciency is unimpaired by prolonged hard 
usage, by rust or sediment. 


Design of Hydril Type “K” Ball Plug 
Valves assures minimum maintenance 
costs. Non-lubricated, they employ no 
sealing lubricants. There's no sliding 
friction between plug and body to pro- 
duce wear and abrasion. 

The spherical plug is mounted on 
accurately positioned bearings, main- 
taining a minimal controlled clearance 
between plug and body. This contributes 
to easy, free-turning operation as well as 
to long service life. 


Hydril valves are available in a wide 
range of sizes and ratings. Worm-gear and 
motor-operated models can be supplied. 
Get the full story on Hydril Valves from 
your nearby representative...or write 
Hydril Company for free Catalog No. V-60. 


HYDRIL COMPANY 


For more information, turn to Data Service card, Circle No. 122 
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=SPRAY 


Pilot Unit 


LABORATORIES 


offer the largest, most 
modern and diversified 
facilities for research, 
engineering, testing 
and custom drying 


Nerco-Niro maintains the most complete spray 
dryer laboratories in the Western Hemisphere. 


The diversified dryer facilities permit research, 
testing and custom drying on the best suited 
scale. Tests may be started in laboratory-size 
equipment and progress in stages to full scale 
volume production or, research may be confined 
to any intermediate step. Analysis of raw ma- 
terial and finished product may be evaluated in 
our well-equipped analytical lab. 


The four dryers pictured at the left are equipped 
with all stainless steel contact surfaces. Through- 
out the laboratories, process steam is furnished 
for the jacketed tanks and pipes. Modern re- 
ceiving and storage facilities are available for 
all types of shipment. 


You are cordially invited to visit and inspect our 
facilities. Arrangements must be scheduled in 
advance so as not to conflict with confidential 
spray drying tests being conducted for our clients. 


Nerco-Niro Spray Dryer Div. 


[ NICHOLS } 


Nichols Engineering & Research Corp. 


80 Pine St., New York 5, N. Y. 
San Francisco Indianapolis 


For more information, turn to Data Service card, circle No. 84 
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Sulfur 
from page 90 


given for the entire blast area to cool 
off. Such a cool-off period would also 
allow the radioactive material to de- 
cay. 
Since limestone is associated with 
the sulfur in the cap rock of the salt 
dome, it is believed that the ener 
released to the limestone will likely 
produce large quantities of carbon 
dioxide gas which might serve as a 
heat transfer agent and/or a lifting 
medium. Ground water, flowing 
around and through the cap rock, 
might leach the fused calcium and 
magnesium oxides which will be pro- 
duced from the limestone and which 
will contain most of the radioactive 
materials, Possible solution—insoluble 
asses for holding this material might 
produced by adding silica sand 
when placing the device. 
If detrimental effects of over- 
heating the sulfur make it disadvanta- 
eous to locate the blast in the sul- 
-bearing formation, it might be de- 
sirable to lower the point of the blast 
into the salt dome and melt the sulfur 
above by conduction (Figure 2). 
When the thickness of the sulfur-bear- 
ing formation is small, lowering of the 
blast point would ar highly de- 
sirable. This would also greatly re- 
duce radioactive contamination of the 
sulfur. 
Thermal conductivity of the more 
common formations encountered in the 
earth’s surface range from 1 to 5 x 
10° C.G.S. units. However, the thermal 
conductivity of rock salt varies from 
8 to 15 x 10° C.GS. units. The fact 
that it is dry would prevent great 
losses of energy by conversion into 
steam, with subsequent dissipation. 
It is estimated that each kiloton of 
energy released in a salt formation 
will raise 3,000 tons of salt up to 
1,500°F, above the melting point. 
The thermal conductivity sulfur- 
bearing calcite and anhydrite is in 
the range of most earth formations; 
this suggests the possibility that heat 
erated in the salt formation would 
transferred to a wide area of the 
formation above the 


Since salt domes in the Gulf Coast 
area originate from a mother salt 
formation, it would be possible to con- 
sider deep-seated domes as a location 
for trapping heat for later use in 
ducing sulfur. At 15,000 feet, it 
would be feasible to consider use of a 
30 megaton explosion, since ground 
shock decreases rapidly with depth. 
This would yield an estimated 2,400 
million kilowatt hours of energy. 
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Extraction of the sulfur 

By setting off a device that would 
be contained within the salt of a 
dome, a desirable procedure might be 
to drill directional wells from the sur- 
face down through the sulfur-bearing 
cap rock into the heat pocket. By 
running various strings and selective 
perforations, it would be possible to 
pump water into the heat pocket. The 
steam thus generated would travel 
up into the sulfur-bearing formation, 
and the sulfur would then be lifted 
to the surface through a separate 
annulus. 

Another possibility is that, after 
setting off a nuclear explosion, the sul- 
fur recovered from a well drilled into 
the center of the blast area and into 
the bottom of the cavity formed by 
the detonation could be used to heat 
water, which could then be pumped 
into outlying wells on the periphery 
of the site, forcing the liquid sulfur 
toward a center well, in a fashion sim- 
ilar to that used in oil field water flood 
projects. This procedure, in effect, 
would it reuse of the heat gen- 
erated by the detonation. 


Economic feasibility 
In using a nuclear device for min- 
ing sulfur, it is believed that the simp- 
lest of devices would be both - 
cient and desirable. Efficiency in util- 
ization of the energy generated would 
appear to be very ich, since the heat 
generated would be imparted directly 
to the element to be heated, bypass- 
ing the various conversions and effi- 
ciency losses encountered in present- 
da er production iques 
Preliminary cost calculations have 
been carried out based on a sulfur 
formation at a depth of 1,500 feet. 
The sulfur formation was considered 
to be 200 feet in thickness and to 
contain 35% sulfur by volume, The 
nuclear device was assumed to have 
been exploded in the sulfur formation. 
It was calculated that, for a 10 kilo- 
ton device, te atures above the 
melting point of sulfur will exist at 
a radial distance of about 120 feet 
from the explosion point. This tem- 
rature condition will be reached 
om 4 to 6 months after the explo- 
sion, At the end of this period, the 
amount of molten sulfur at a temper- 
ature of 320°F will be approximately 
100,000 long tons. Based on recovery 
of 95% of this sulfur in 120 calendar 
days with a stream factor of 0.83, 
production would be approximately 
40 long tons per hour. Preliminary 
analysis indicates that the cost of the 
sulfur produced would be between 
$6.00 and $8.00 per long ton. # 
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Tulsa—the technical program 


Role of the chemical engineer in oil refining, petrochemicals 
will be main theme of A.I.Ch.E. September National Meeting. 


THE OM CAPITAL OF THE UNITED 
states, Tulsa, Oklahoma, will be host 
to the upcoming A.I.Ch.E. National 
Meeting, September 25-28. 

In A with the surroundings, 
the technical program will lay heavy 
emphasis on the increasingly impor- 
tant role of the chemical engineer in 
oil refining and in petrochemicals. 

Two complete sessions on Advances 
in Refinery Technology will present 
new data on such varied topics as 
residue processing, “hydrogenation, 
low-temperature recovery units, mo- 
lecular sieves, catalyst airlifts, control 
computers for fractionation units. Also 
directly in the petroleum field will be 
two sessions on Multiphase Flow in 
the Production and Drilling of Oil 
Wells, and two on Natural Gas and 
Natural Gas Liquids. 


Safety first 

campaign for free exchange of 
ormation on chemical plant operat- 
ia safety, five whole sessions will be 
dedicated to Safety in Air Separation 
and Ammonia Plants. While a certain 
number of ared presentations 
have been scheduled, most of the time 
at these discussions will be open for 
speakers from the floor. This Septem- 
ber in Tulsa, in addition, the safety 
drive has been extended to include 
two additional sessions of the same 
nature on Safety in Refinery and 

Natural Gasoline Plants. 

The symposium on Petrochemicals 
will include data on several new pro- 
cesses, as well as two or three papers 
dealing with market potentials and 


general trends in the area. 


Design engineers will crowd the 
symposia on Materials of Construction 
and Corrosion, while those of a basic 
theoretical turn of mind will find solid 
fare in the two go-arounds on Non- 
Newtonian Fluid Mevhanics and the 
two on Statistics and Numerical Me- 
thods Applied to Engineering. Also of 
theoretical as well as practical interest 
will be a technical session on Chemi- 
cal Reactions Induced or Modified 
by Radiation. 


Brave new world 

Communications between man and 
machine, use of computers in equip- 
ment design and planning of plant 
operations—all this and more in the 
two symposia on Computers as a 
Management Tool—a must for execu- 
tives in being and in training. 

The program will be rounded out 
by .two sessions on Industrial and 
Engineering ee of Foaming 
Techniques, and one each on Process- 
ing Agricultural Products, Conserva- 
tion and Utilization of Water, and 
Piloting, or Why Buy the Restau- 
rant When All You Need is a Meal. 
Plus—three complete sessions of 
Selected Papers. 

The complete program is given be- 
low. Details of planned extracurricu- 
lar activities, plant tours, where to go 
and what to see in Tulsa will follow 
in CEP’s August issue. a 


Three-Day Schedule of Technical Sessions 


MONDAY, SEPTEMBER 26 


9:00 A.M.-12:00 NOON 

TECHNICAL SESSION NO. 1—ADVANCES IN 
REFINERY TECHNOLOGY—Part 1 
Chairman: W. C. Offutt, Gulf Res. and Devel. 
Co-chairman: C. Berg, Union Oil of Calif. 
Development of model 1! fluid coker, R. O. 
Wright, A. L. Saxton, & H. N. Weinberg. Esso 
Res. and Eng. An improved version of fluid 
coking for conversion of residual stocks ipo 
more valuable distillate products. 

Recent advances in the technology of resic.e 
processing, H. Beuther, J. B. McKinley, & 
R. A. Plinn, Gulf Res. and Devel. Recent 
methods for processing residues to produce 
higher quality fuel oils. The nature of as- 
phalts and techniques for treating and con- 
version of residues. 

Hydrogenation by the H-oil Process, M. C. 
Chervenak, C. A. Johnson, & 8S. C. Schuman, 
Hydrocarbon Research. A system, for hydro- 
genating petroleum stocks, which gives effi- 
cient contact between reactants and catalyst, 
freedom from pressure drop difficulties, abso- 
lute temperature control, and low net cata- 
lyst consumption. 

Operating data for low-temperature recovery 
units, D. D. Roselius & Roger Wylie, Humble 
Oil and Ref. Vapor-liquid equilibrium data 
for mixtures of light hydrocarbon compounds. 
nitrogen, carbon monoxide, and hydrogen, to- 
gether with operating data for an ethylene- 
ethane splitter. 

Molecular sieves in process separations, K. 
Kiyonaga & G. J. Griesmer, Linde. Ways in 
which molecular sieve adsorbants can be 
used in fixed bed cycles and the factors which 
affect the economies of bulk separation. A 
hydrocarbon separation process is presented 
as an example. 


TECHNICAL SESSION 2—NON-NEW- 
TONIAN FLUID MECHANICS— PART 
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Chairman: A. B. Metzner, Univ. of Del. 
Velocity profiles in rectangular ducts, R. 8. 
Schechter, Univ. of Texas. The velocity dis- 
tribution for k:inar flow of a power law 
fluid established and used to determine fric- 
tion factor plots. 

Laminar flow of non-Newtonian fluids through 
packed beds, N. Ganiaris & H. Brenner, 
N. Y¥. Univ. Pressure drops due to flow of 
various suspensions through beds of spheres 
determined and correlated. 


Flow of non-Newtonian fluids in a magnetic 
field, T. Sarpkaya, Univ. of Neb. The analyt- 
ical solution to the equation of motion for 
steady flow between parallel planes for the 
Bingham plastic and the power law models. 


Laminar, non-isothermal flow of non-New- 
tonian fluids, E. B. Christiansen & R. W. 
Hanks, Univ. of Utah. Numerical solutions to 
flow equations of fluids represented by a tem- 
perature dependent Ostwald-de Waele equa- 
tion presented in graphical form. 


TECHNICAL SESSION NO. 3—SAFETY IN 
AIR SEPARATION AND AMMONIA PLANTS— 
PART 1 

ages G. U. Weigers, American Cyana- 
mid. 


An open forum for the discussion of items 
pertinent to the safe operation of air sepa- 
ration and ammonia plants. A number of 
prepared presentations have been scheduled. 

A. Report of the subcommittee for safety 
in air separation and ammonia plants. 
Summary of survey of this industry's 
safety practices. 

8. Air separation plant safety, Part 1. Air 
intake, air compressors, silica gel ad- 
sorbers, expansion engines and turbines. 
reboilers and vaporizers. 


TECHNICAL SESSION NO. 4—SELECTED 
PAPERS SESSION 


CHEMICAL ENGINEERING PROGRESS, | 


Co-chairman: R. H. Perry, Univ. of Okla. 
Co-chairman: J. E. Powers, Univ. of Okla. 


Minimum refiux for Iti t distill 
tion systems, R. C. Erbar, California Research, 
& R. N. Maddox, Okla. State Univ. A rigorous 
method for calculating the minimum reflux 
for multicomponent systems. 


Correlations for iti 
calculations, J. H. Erbar & R. N. Maddox, 
Okla. State Univ. 

Thermal conductivities of porous rocks filled 
with stagnant fluid, D. Kunil & J. M. Smith, 
Northwestern Univ. Conductivities for four 
types of sandstone filled with various gases 
and liquids. Results correlated to predict heat 
transfer characteristics of porous sandstones. 


Micromechanisms of oi! displacement from 
porous media, C. C. Mattax, J. R. Kyte, C. D 
Russell, Jersey Prod. Res. A visual flow model 
and results of tests. 
Mechanism of oil recovery 
placement, P. J. Berkeley, Jr. 8. P. Ewing. 
Jr., C. C. Mattax, & J. E. Shewmaker, Jersey 
Prod. Res. Surfactant solutions improve oil 
displacement from water-wet porous media. 


by surfactant dis- 


TECHNICAL SESSION NO. 5—STATISTICS 
AND NUMERICAL METHODS APPLIED TO 
ENGINEERING—PART 1 

Co-chairman: R. L. Heiny, Dow Chemical. 
Co-chairman: D. J. Kaufman, Monsanto 
Chemical 

A procedure for sequential experimentation, 
Edwin C. Harrington, Jr.. Monsanto Chemical. 
Hypotheses are formulated, tested by experi- 
ment, and reformulated sequentially until the 
hypotheses satisfactorily predict the results. 
Autocorrelati and ti experimentation 
in chemical pr J. Chanmugan, Prince- 
ton Univ. & G M. Jenkins, Imperial College 
of Science and Technology, London, England. 
If the nature of a correlation is known, opti- 
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mum systematic design may be derived with 
increased efficiency by not randomizing. 
Statistical program planning for process de- 
velopment, E. A. McCracken & Jesse M. Carr, 
Jr.. Humble Oil and Ref. The use of highly 
fractionated factorials to screen a large num- 
ber of variables saves time and aids in the 
interpretation of future data. An example of 
such sequential process development is pre- 
sen 

Rand be ethods in process simula- 
tien, D. R. Petersen, Dow Chemical. Random 
numbers used to simulate, within a digital 
computer, natural variables commonly met in 
engineering problems. 

Fitting yield and cost response surfaces to a 
fermentation product refining procedure, Elmer 
E. Lind. Jay Goldin, & John B. Hickman. Amer- 
ican Cyanamid Yield and cost improvements 
in plant operation obtained by applying infor- 
mation for three controlled variables from 
deta resulting from statistically designed lab- 
oratory experimenis. ‘ 


TECHNICAL SESSION NO. 6—PROCESSING 
AGRICULTURAL PRODUCTS 

Chairman: Aaron Rose, Texas Engineering 
Experiment Station. 
Chemical engineering and p 
agricultural commodities, J. J. Spadaro, N. B. 
Knoepfier, & E. L. Patton, U. S. Dept. of 
Agriculture. Chemical engineering research on 
oll-bearing materials. sugar cane and sweet 
a at the Southern Regional Research 


Snuth 


Process and product development in the Grain 
y J. B. O'Hara, A. E. 
Staley Mfg. A description, with examples, of 
procedu ~« in process and product devel- 
opment 
New p acts from agriculture: processes, 
equipment and costs, K. M. Decossas, 8. P. 
Koltun, E. F. Pollard, & E. L. Patton. U. 8. 
t. of Agriculture. Agricultural utilization 
research offers industry numerous processes 
with equipment costs for producing new and 
improved products from cotton, oilseeds, cit- 
rus. pine gum, rice, and other farm com- 
modities. 
Relating the quality of solvent extracted soy 
bean off and residual oii content of A 
L. K. Arnold, R. B. R. Choudhury, & H. Y¥ 
Chang. Iowa State Univ. Flaked soybeans ex- 
tracted in glass rate-extraction apparatus and 
in @ continuous counter-current pilot plant. 
Relationship between the weight and volume 
increases in steeping of cereal grains, L. T 
Pan and D. S. Chung. Kansas State Univ. The 
volume gain by wheat kernels during steep- 
ing was practically equal to the weight gain 
divided by the fluid density. 
2:00-5:00 P.M. 


TECHNICAL SESSION NO. IN 
REFINERY TECHNOLOGY—PART 

Chairman: W. C. Offutt, Guif Res fa Devel. 
Co-chairman: C. Berg, Union Oil of Calif 
The TCC Airlift, J. M. Bourquet, R. D. Drew. 
& 8. Valentine. Ill. Socony Mobil Oil. Design 
of pneumatic catalyst lifts to give a favorable 
balance between capacity, efficiency. catalyst 
attrition, and costs 

Development of full-scale liquid thermal dif- 
fusion eavipment, R. Grasselli, G. R. Brown. 
Standard Oil (Ohio). & C. E. Plymale. Owens- 
Tilinois Glass. The development of equipment 
for liquid thermal diffusion separations traced 
from laboratory to pilot plant to full-scale 
unit. Flow patterns, heat transfer and separe~ 
tion efficiencies 

Reforming heavy catalytically cracked gaso- 
line for high octane blend stock, R. F. Krest 
H. W. Nagel, & H. E. Reif. Sun Oil. A route 
for producing a component for 105 R.O.N 
premium motor fuel with high yield from 
catalytically cracked gasoline 

Application of controiling computers to frac- 
tionation units, A. A. Buster, Thompson-Ramo- 
Wooldridge. An overall closed loop system for 
fractionation. Some solutions for problems 
encountered. 

The modern HF alkylation plant, E. R. 
Fenske, UOP. Design changes which have re- 
sulted in reduced capital investment, lower 
operating costs, and improvement in octane 
quality of product. 


TECHNICAL SESSION 8—NON-NEW- 
TONIAN FLUID MECHANICS—PART 2 
Chairman: A. B. Metzner, Univ. of Del. 
Limiting pressure gradients in the flow of 
viscous fluids, W. E. Ball & R. E. Colwell, 
Monsanto Chemical. Temperature and velocity 
distributions calculated in the region where 
the magnitude of the shearing stress and 
pressure gradient which can be sustained by 
a viscous fluid may be limited 

A vorticity effect in anisotropic fluids. J. L. 
Eriksen, Johns Hopkins. Analyses indicate 
that the behavior of these fluids undergoes a 
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qualitative change when a dimensioniess mea- 
sure of vorticity passes through a critical 
value. 

Non-Newtonian flow, R. S. Brodkey, Ohio 
State Univ. A universal velocity profile equa- 
tion for turbulent flow obtained for the 
power-law approximation and compared with 
experimental data 

Turbulent velocity profiles—non-Newtonian 
fluids, A. B. Metzner & D. C. Bogue, Univ 
of Del. Measured profiles for a variety of 
purely viscous fluids over a wide range of 
Reynolds numbers and flow behavior indexes 


TECHNICAL SESSION NO. &—SAFETY IN 
AIR SEPARATION AND AMMONIA PLANTS— 
PART 2 

Chairman: G. U. Weigers, American Cyanea- 
mid. 


8. Air Separation plant safety. Part It. 
Oxygen handling. automatic safety 
equipment, turnaround schedules, insvec- 
tions, maintenance, standards of clean- 
liness for oxygen equipment. materials 
of construction, use of combustible ma- 
terials in oxygen plants. insulation 


TECHNICAL SESSION NO. 1f-—PILOTING. 
OR WHY BUY THE RESTAURANT WHEN 
ALL YOU NEED IS A MEAL 

Co-chairman: D. O. Popovac, Continents! Of! 
Co-chairman: R. E. Weis, Phillips Petroleum 
Some principles of pilot pliant operation, E 
©. Saegebarth & H. M. Lavender. California 
Research. Examples used to show how pilot 
plant operations can be limited to the mini. 
mum necessary for confident process and 
plant design 

The pilot plant situat’on, J. F. Skelly. M. W. 
Kelloge. The practical need for complete. o~ 
partial, pilot plants evalvated for several 
industries using specific references to pilot 
plant experiences 

Evaluati of leulati for pilot 
plants, D. H. White & R. A Univ 
of Ariz. Emphasis is placed upon similarity 
criteria and analog models in scale-up prob- 
lems. unit operations ecuipment desien. and 
certain aspects of momentum. energy and 
mass transport 

Considerations in non-integrated piloting. A 
S. Brunjes. Lummus. Two small non-int-- 
erated pilot units and a bench scale unit 
used to derive sufficient information to desirn, 
construct and operate a pheno! plant 
Scale-up of a novel mixer-settier extractor, 
R. B. Long, Exso Res. and Eng. Small scale 
mixer design studies led to the successful de- 
sign of a commercial size mixer-settler ex- 
traction unit 


TECHNICAL SESSION NO. 11--STATISTICS 
AND NUMERICAL METHODS APPLIED TO 
ENGINEERING—PART 2 

Co-chairman: R. L. Heiny, Dow Chemical. 
Co-chairman: D. J. Kaufman, Monsanto 
Chemical 

Reaction rate equations, J. W. Blakemore, 
Texas Instruments, & A. E. Hoerl, Du Pont 
The erroneous effects of linearizing nonlinear 
rate equations and then fitting to the data. 
Hydrogenation of codimer used as an example 
Factorial quality control, C. C. Beazley, Gen- 
eral Foods. A comprehensive breakdown of 
quality contro! data variation accomplished 
by rescheduled sampling and analytical test- 
ing. 

An experiment to select optimum operating 
conditions on the basis of arbitrary prefer- 
ence ratings, A. M. Schneider, American 
Cyanamid. A. L. Stockett. Lehigh Univ. & 
G. Teplitzky. Lever Brothers. The object of 
the experiment was to scale up & gas scrub- 
bing operation, with the response an odor 
acceptability which is not directly measurable 
The use of chi-square for preference testing 
in multi-dimensional problems, H. Smith. Jr 
& P. N. Ries. Proctor and Gamble. Data ob- 
tained from a consumer preference test ar- 
ranged in a four dimensiona! table and three 
factors studied for their effects upon the 
fourth 

On Kron's Animated Polyhedral models, J. L 
Dolby, General Electric. A description of 
Kron’s application of volyhedrons and multi- 
dimensional space filters to curve-fitting 
where more than one variable is involved. 


TUESDAY, SEPTEMBER 27 


9:00 A.M.-12:00 NOON 
TECHNICAL SESSION 
CHEMICALS 

Chairman: H. L. Hays, Phillips Chemical 
Appraisal of potentials for petrochemical 
manufacture in the Southwest, J. M. Dale, 
Southwest Res. Inst. The Southwest as a 
source of raw materials, the trend in cost. 
petrochemical activity, and factors influencing 
future growth 

Sohio Acrylonitrile Process, F. Veatch. J. L 
Callahan. J. D. Idol Jr.. & E. C. Milberger 
Standard Oi] (Ohio). A review of the new 
process for direct conversion of propylene 
and ammonia with air to acrylonitrile 
Hydrocarbon oxidation with 95% oxygen, J 
M. Robertson, Celanese Chemical. Reasons for 
use of 95% oxveen and certain important 
safety considerations 


continued on page 96 
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Whirlex Special Design Fans and Dust Collectors offer a 
wide variety of special coatings and linings. Metal life 
can be extended many times even under severe corrosive 
conditions with proper application of special linings. 


WHIRLEX offers many unique fan 
design features. Write for fan 
bulletin #FDI1. 


Fly Ash Arrestor corroration 
205 North Ist Street — Birmirigham, Alabama 
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Production of alpha-olefins. R. A. Franz, Mon- 
santo Chemical. A paraffinic raffinate ther- 
mally cracked in the presence of steam to 
give a product from which alpha olefins were 
separated by distillation. 
R t devel ts in aromatic chemicals, 
R. Landau, Scientific Design. 


TECHNICAL SESSION NO. 13-—MULTIPHASE 
FLOW IN THE PRODUCTION AND ORILL- 
ING OF OIL WELLS—PART 1 (Co-sponsored 
of Petroleum Engineers). 
Chairman: L. P. Whorton, Atlantic Refining. 
The calculation of pressure gradients in high- 
rate flowing wells, P. B. Baxendall & R. 
Thomas, Compafiia Shell de Venezuela. As a 
result of field experiments a correlation be- 
tween energy loss factor and mass flow rate 
was established which is believed applicable 
to a wide range of conduit sizes and crude 


Simultaneous flow of gas and liquid as en- 
countered in oil wells, Shell Exploratie en 
Produktie Laboratorium. Four dimensionless 
groups found to be important in correlating 
pressure gradients. Results are in excellent 
agreement with field data. 

Data on the simultaneous ny a oli and 
gas in wells and 0, 
Arabian American Oil. Results = pa than 
100 field tests. 

Pressure drop for mist flow in a vertical tube, 
W. D. Leonard, Atomics International, A. G. 
Comer and J. H. Boggs, Okla. State Univ. 
Results of an experimental study and a corre- 
lation of pressure drop data. 

The upward vertical flow of oil-water mix- 


G. W. 
G. A. Sullivan, and R. K. Wood, Univ. of 
Alberta. Flow pattern, pressure drop 
holdup data determined and correlated 
1, 20 and 150 centipoise oil. 
TECHNICAL SESSION NO. 14-—SAFETY 
AIR SEPARATION AND AMMONIA eLANTS 
—PART 3 
Chairman: G. U. Weigers, American Cyana- 


source (special safety considerations), 
gas purification (other than nitrogen 
wash boxes), nitrogen wash boxes, com- 
pression. 
TECHNICAL SESSION NO. 15-—CONSERVA- 
TION AND UTILIZATION OF WATER 
Chairman: Frank J. Lockhart, Univ. of South- 
ern Calif. 


TECHNICAL SESSION NO. 16-—-SAFETY IN 
REFINERY NATURAL GASOLINE 
PLANTS—PART 


Chairman: J. N. Phillips 
A group d sion with pl d Each 
main topic will be yy 4 by an indivi- 
dual experienced in that field and will then 
be open for discusion from the floor. A free 
interchange of experiences and ideas by the 
audience will be encour 

Refinery explosions, M. V. Stuewe, Cities Ser- 
vice Oil. 

Air compressors, P. F. Lindemann, Phillips 
Petroleum. 

Furnace fires, E. J. Pratt, Humble Oil & Ref. 
Engineering Safety into the plant, A. A. Sieg. 
Standard Oi! (Indiana). 

Risk analysis approach to safety, C. H. Austin, 
Standard Oil (Indiana). 

instrumentation for safety, J. F. Smith, Min- 
neapolis Honeywell. 


TECHNICAL SESSION NO. 17--SELECTED 
PAPERS SESSION 
Co-chairman: R. H. Perry, Univ. of Okla. 
Co-chairman: J. E. Powers, Univ. of Okla. 
A kinetic model for vapors and liquids, R. J. 
Hengstebeck, Standard Oil (Indiana). A model 
for vapors and liquids. Based on this model, 
an equation of state developed for propane. 
Phase a d and t distribu- 
tion complex systems, E. J. Hoffman, 
Univ. Tulsa. Generalized expressions for 
K values and component distribution devel- 
oped as functions of the boiling points of the 
components of a mixture. 
A general correlation of vapor-liquid equi- 
libria in hydrocarbon mixtures, K. C. Chao 
& J. D. Seader, Calif. Research. A modified 
principle of corresponding states supplemented 
by use of solubility parameters used for the 
correlation. Results of extensive tests of the 
correlation. 
The correiation and ternary liquid- 
— equilibria, T. Jersey Prod. 
Res. R. R. White, a of Mich. The 
continued on page 98 
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BELOW: A scraped sur- 
face unit for production 
of by frac- 
tional crystallization. 

Insert shows detail of 
Vogt Spring Type Scraper. 


... And Here’s How: 


Rotating scraper action continuously 
sweeps surfaces clean even while 
processing highly adhesive materials. 


Uniform rate of heat transfer keeps 
crystallization under control and dis- 


charges crystals as a slurry. 


Product is thoroughly mixed by 
scraper blades as it flows. 


Closed, pressure-type system permits 
use of flammable, volatile and ex- 
pensive solvents with complete safety 
and no solvent loss. 


Units fabricated from a broad range 
of materials to suit process stream 


characteristics. 


Write for Literature. Address Dept. 24A-XCEP 


Scraped in -chemical, petroleum and related 


Benzene Hexachloride Naphthalene 

Caustic Soda Paratone & Solids 

Caustic Potash Phenolic Resins 

Clay Polyester Liquid 

Cylinder Stock Pressed Distillate 

Para-Dichlorbenzene Reduced Petroleum 

Fatty Acid Solutions Waxy Oil-Solvent Mix 
i Soybean Oil 

Sperm Oil 


Sugar Syrup 

Sulfur-Oil Mix 

Sulphate Solution 

Tall Oil-Naphtha-Sulfuric 
Acid Solutions 

Tetrachloro Benzene 

Viscose 

Wax Slurry 

Para-Xylene 


GALES OF PICES 


Mow York, Chicaga 


be wad 


For more information, turn te Date Service card, circle No. 41 
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BRAND 


fluids and lubricants 


Ucon heat-transfer fluids do not ordi- 
narily sludge, coke, or gum after months 
of use at temperatures as high as 450- 
500°F. Thus, electric immersion heaters 
and other heat-transfer surfaces stay 
clean and give long, continuous operation. 

Ucon heat-transfer fluids have good 
viscosity stability and low pour points. 
These properties permit operation over 
wide temperature ranges yet eliminate 
cold weather problems and the need for 
auxiliary heating equipment. 

Ucon fluids and lubricants also give 
top performance as: 

e Rubber and textile lubricants 
e Hydraulic fluids 

e Cosmetic components 

e Anti-foam agents 

e Chemical intermediates 

Get the facts. Write for the booklets 
“Ucon Heat Transfer Fluids” and “Ucon 
Fluids and Lubricants.” 

Union Carbide Chemicals Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N.Y. 


Ucon is a registered trade mark. 


UNION CARBIDE 
CHEMICALS COMPANY 


UNION 
CARBIDE 


For more information, circle No. 101 
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Technical sessions 
from page 96 


study of a varied range of systems indicates 
the feasibility of correlating liquid-liquid 
equilibria by digital computers using activity 
coefficients. 

Vaporization equilibrium ratios for compo- 
nents above their critical temperature, D. 8. 
Hoffman, R. E. Felt, J. R. Welker, Univ. of 
Idaho, & J. H. Weber, Univ. of Neb. Values 
for the standard state fugacity of a hypo- 
thetical liquid above its critical temperature 
evaluated for methane. ethane, and propane. 


1:30-5:00 P.M. 
TECHNICAL SESSION NO. 18—MULTIPHASE 
FLOW IN THE PRODUCTION AND ORILLING 
OF OIL WELLS—PART 2 (Co-sponsored by 
the Society of Petroleum Engineers). 
Chairman: L. P. Whorton, Atlantic Refining. 
Multiphase flow of water, oi! and natural gas 
through vertical flow strings, M. R. . 
Univ. of Mich. A new correlation along with 
applications, working charts and example 
= pertaining to the design of gas 
ts. 
Concurrent two phase vertical flow of air and 
Wilcox sand. J. E. Williams & R. L. Hunting- 
ton, Univ. of Okla. Experimental pressure drop 
data show the effect of sand flowing rates as 
a function of air rate. Lift efficiencies range 
from 65% down to 1% and less. 
Concurrent vertical flow of air and water, G. 
©. Carter. Phillips Petroleum, & R. L. Hunt- 
ington, Univ. of Okla. A visual study in 
clear plastic tubing and correlations worked 
out for pressure drop and sweep and lift 
efficiencies. A motion picture shows flow 
patterns. 
The reduction of pressure gradients in oil 
pipelines by addition of water: numerical an- 
alysis of stratified flow, M. E. Charlies & P. J. 
Redberger, Research Council of Alberta. Ve- 
locity profiles, and oil and water flow rates 
evaluated for oil viscosities ranging from 
to 1500 centipoise. Predictions compared with 
experimental results. 


TECHNICAL SESSION NO. 19—SAFETY IN 
AIR SEPARATION AND AMMONIA PLANTS 
—PART 4 


Chairman: G. U. Weigers, American Cyana-_ 


mid 
Cc. Ammonia plant safety, Part 2. Synthesis, 
maintenance, storage and shipping am- 
monia, fire and emergency training for 
personnel. 


TECHNICAL NO. 20-—SELECTED 
PAPERS SESSION 

Co-Chairman: R. H. Perry, Univ. of Okla. 
Co-chairman: J. E. Powers, Univ of Okle 
The effect of column tength on separation in 
a batch thermogravitational thermal diffusion 
column, C. F. Crownover & J. E. Powers, 
Univ. of Okla. Effective lengths were varied 
from 14.5 to 72 inches in a column separating 
heptane-benzene solutions. Results substan- 
tiated theory. 

Discrete film heat transfer in scraped heat 
exchange, O. K. Crosser, Univ. of Okla. An 
analysis of a heat transfer model predicts 
that for low conductivity materials, scraping 
efficiency and frequency are critically im- 
portant. 

Kinetics of reduction of ferrous oxide with 
hydrogen in a steady state fluidized bed, J 
Feinman & T. D. Drexler, U. 8S. Steel. A 
correlation based on differential materia) ba)- 
ance and a controlling rate at oxide-mete! 
interface predicts effects of independent vari- 
ables upon kinetics of the system. 

Mixing of solids, experiments with tumbling 
blenders, A. Kaufman, Merck, Sharp and 
Dohme Res. Lab. Experimenta! data obtained 
in a double cone blender and three twin 
shell blenders of different size. Preliminary 
conclusions drawn regarding the factors in- 
fluencing mixer selection and scale-up 
Physical and operational features of a pulsed 
continuous countercurrent liquid-solids con- 
tractor, E. S. Grimmett & B. P. Brown, 
Phillips Petroleum. The effects of pulse fre- 
quency and amplitude in a two inch, five con- 
tact stage column. Ion exchange efficiencies 
determined for the copper-sodium (sulfate) 
and copper-hydrogen (nitrate) systems 


TECHNICAL SESSION NO. 21-—SAFETY IN 

REFINERY AND NATURAL GASOLINE 

PLANTS, PART 2 

Cusirman: 3. N. Romine, Phillips Petroleum. 
ti and intervals, A. L. 


MeKillip. DOP. 
Hidden and other hazards. Spontaneous igni- 
tion from iron sulfide, venting and ventilation, 
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static electricity. air in plant and pipe sys- 
tem. Any un"sual experience which members 
of the audience would like to contribute. 


WEDNESDAY, SEPTEMBER 28 


9:00 A.M.—12:00 NOON 

TECHNICAL SESSION NO. 22-—-CHEMICAL 
REACTIONS INDUCED OR MODIFIED BY 
RADIATION 

Chairman: J. J. Martin, Univ. of Mich. 
Sulfochiorination of cyclohexane induced by 
gamma radiation, J. C. Chu, 8. Lawroski, ANL, 
& A. Schneider, Polytechnic Inst. of Brooklyn. 
Product was largely cyclohexane sulfony! 
chloride. G values of the order of 10° to 10° 
obtained. 

Hydrogen formati and sca action in 
the irradiation of hydrocarbons, “ aleohcls and 
ketones, J. G. Burr, Atomics International. 
Radiolysis studies on benzene, biphenyl, ben- 
zophenone, and acetone dissolved in propanol, 
methanol, and cyclohexanone. 

High temperature pile irradiation of the 
n-heptane-hydrogen system, G. H. Miley & J. J. 
Martin, Univ. of Mich. Radiation had an 
appreciable effect in the thermal cracking of 
n-heptane in the presence of hydrogen 

A one-megawatt organic chemonuclear reactor, 
L. E. Crean & L. 8. Mims, Atomics Interna- 
tional. Approximately 34 kilowatts of radia- 
tion power can be made available at a cost 
estimated to be less than that from an accel- 
erator, cobalt-60 or cesium-137. 

The utilization of fission fragment eneray for 
the fixation of nitrogen, M. Steinberg. L. 
Green, & J. R. Powell, Brookhaven Nationa! 
Laboratory. Preliminary estimates indicate 
large reactors are required if process is to be 
competitive with existing commercial processes. 
Fission fragment recoil effects on zirconium 
oxidation, W. C. Yee, E. E. Stansbury, G. H. 
Jenks. ORNL. Microscopic study of the sur- 
face films showed that recoil radiation had a 
definite effect on zirconium oxidation. 


TECHNICAL SESSION NO. 23-—INDUSTRIAL 
AND ENGINEERING APPLICATIONS OF 
FOAMING TECHNIQUES—PART 
Co-chairman: C. S. Grove, Jr., Syrecuse Univ. 
Co-chairman: R. L. Tuve, Naval Research Lab. 
Novel uses for foam, C. 8S. Grove, Jr. E. J. 
Walker, A. R. Aidun, Onondaga Associates. 
Temperature and viscosity effects of aqueous 
foams, Jablouski, et al, Naval Research Leb. 
Thermal conductivity and insulating effects of 
aqueous foams, E. J. Walker, A. R. Aidun. 
K. E. Woodstock, Onondaga Associates. 
Aqueous foams as fire extinguishing agents 
for liquid organic solvents, D. N. Meldrum & 
G. B. Geyer, National Foam System. 


TECHNICAL SESSION NO. 24-—SAFETY IN 
AIR SEPARATION AND AMMONIA PLANTS— 
PART 5S 

Chairman: G. U Weigers, American Cyanamid. 


informal discussion 


TECHNICAL SESSION NO. 25-——MATERIALS 
OF CONSTRUCTION 

Co-chairman: W. A. Luce, Duriron. 
Co-chairman: M. 8. Worley. Black, Sivalis and 
Bryson. 

Application of reinforced plastic pipe, W. 
Dana, Amercoat. 

Behavior of noble metais (Ti, Zr, Cb) in Chem- 
ical Environment, F. Fink, Battelle 
Flu©recarbon polymers answer the challenge 
of corrosion, R. P. Bringer & C. C. Sovia, Min- 
nesota Mining and Manufacturing 

Anodic protection against sulfuric acid corro- 
sion, Locke, Hutchinson & Conger, Continental 
oil. 


wg SESSION NO. 26—COMPUTERS 

A MANAGEMENT TOOL—PART 1 
pana. R. Cziner, W. R. Grace. 
Co-chairman: P. Woodberry, W. R. Grace. 
Computer design of catalytic reactors—view- 
point. of the catalyst manufacturer, R. M. 
De Baum & 8. F. Adier, American Cyanamid. 
Impact of computer methodology on the 
design of catalytic water gas shift converters. 
Pl i and scheduli of oil refinery oper- 
ations, H. “vy Pullerton, KCS Limited. Use of 
linear pregramming for seasonal planning of 
refinery operations and in the use of simula- 
tion for breaking seasonal plans into monthly 
operating schedules. 
Cost determination by 
K. H. Schaffir. Arthur Anderson & Co. Mul- 
tipie correlation used to determine the true 
value of by-products used as a fuel in a 
power plant 
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A management game for the petroleum in- 
dustry, W. A. Viavant, Univ. of Okla, & 
M. Post, Texas Instrument Co. Use of general 
management games as a tool in teaching 
decision-making to executives; 
construction of a mathematical model of 
integrated petroleum economy. 


TECHNICAL SESSION NO. 27--NATURAL 
GAS AND NATURAL GAS LIQUIDS—PART 1 
Chairman; R. L. Huntington, Univ. of Okla. 
Dynamic adsorption of isobutane and isopen- 
tane on sisica gel, G. H. Dale, D. M. Haskell, 
H. E. Keeling, & L. A. Warzel, Phillips Petro- 
leum. Studies using natural gas enriched with 
isobutane and isopentane. Results show effect 
of particle size, bed depth, gas velocity 
concentration upon recovery. 

og of liquid propane with molecular 
sieves, H. Rhodes, E. L. Clark, J. A. Lawrie, 

& R. A. maiae Linde. How these adsorbents CORROSIVE 
are being applied commercially to remove the 
last traces of sulfur from liquid propane. 
Recovery of helium by diffusion, K. B. McAfee, CHEM ICAL F 
Bell Telephone Lab. How thin-walled capillary r 

tubing may be used as a diffusion barrier to i “ . 

give essentially complete separation of helium bg ’ 
from natural gas in one pass. 

Carbon dioxide removal by hot potassium car- 
bonate and amine scrubbing, H. 8S. Trail, Mon- 
santo Chemical, J. C. Reynolds & R. E. Alex- 
ander, Girdier Const. Lessons learned from 
difficulties with earlier plants used to produce 
improved design. 


2:00—5:00 P.M. 

TECHNICAL SESSION NO. 28-—INDUSTRIAL 
AND ENGINEERING APPLICATIONS OF 
FOAMING TECHNIQUES—PART 2 
Co-chairman: C. A. Grove, Jr., Syracuse Univ. 
Co-chairman; R. L. Tuve, Naval Research Lab. 
Applicati of f i eee to air drilling, 
A. 8. Murray, Jersey Prod. 

The licati of f agents to air and 
gas drilling, H. F. Downs, Technical Drilling 
Service 

Use of foams in oi! well drilling and workover 
as J. L. Lummus, Pan American Pet- 
roleum. 


TECHNICAL SESSION NO. 29-—-CORROSION 
Co-chairman: W. A. Luce, Duriron 
Co-chairman: M. 8. Worley, Black, Sivalls and 
Bryson 
Designing to combat corrosion, R. C. Schueler, 
Phillips Petroleum. 

in the petroleum industry, W. 


Corrosion 

Koger, Cities Service Oil. 

Corrosion problems in petrochemical opera- 

tions, G. Giladis, International Nickel, 

oes experiences in methanolamine acid 
removal systems, C. D. Poilderman G. D. 

Hall, Union Carbide Chemicals. 


TECHNICAL SESSION NO. 30—COMPUTERS 
AS A MANAGEMENT TOOL—PART 2 Ball Join 
Chairman: R. Cziner, W. R. Grace. 


Co-chairman: P. Woodberry, W. R. Grace. 

Carbide. Present status of communications 

betweer. man and machine reviewed and prob- 

lems discussed. 
Management's responsibilities in the use of HERE'S WHY: TODAY there is a better type of loading 


comeu R. V. Lewis, W. R. Grace. Defin- 
ing the practical limits of objectives and ex- eNO METAL-TO-METAL CON- arm for handling corrosive chemicals! 


TACT BETWEEN MOVING Only BARCO can give you the combina- 
bell beorings in joints te tion of advantages that characterize the 
GAS AND Liquios PART 2 installation shown above. Here the load- 


GAS AND NATURAL GAS LIQUIDS—PART 2 * CHEMICALLY SEALS 
Chairman: R. L. Huntington, Univ. of Okla. —No. 11GCT (reinf eflon) ing arms (15 hermetic type assemblies) 


operati nder most 
conditions, compationn of ef serves. ter are required to handle 50% Sodium 


Wood, John Powers, Univ of *PRESSURE-SAFE! Fire Hydroxide and 26% Oleum, Glacial 
Okla. A mathematical model of « long pipe- SAFE!—Unequolied for Safety, Dure- Acetic Acid, Acetic Anhydride, Anhy- 
line formulated and several bility, Economy. by by leading drous Ammonia, 96% Sulphuric Acid, 

*¢ CHOICE OF STYLES—sienderd Nitric Acid, Mixed Acids, 78% Sulphuric, 


tions for hi com | develo 
custom des jing arm assem- 


of The fact that Barco meets such require- 
A combination UOP Unifining-Plat- stainless steel and special alloys. ments EASILY, EFFICIENTLY, and 
forming unit is on stream at the * SUPERIOR ay mapper ECONOMICALLY is indication of the in- 
Ruhrchemie A. G. refinery in Ober- pag ae herent superiority of Barco Flexible Ball 
hausen-Holten, Germany. Full range Joints for chemical loading arm service. 

latformate from the 2000 BSD teh Inquiries are invited; Ask for Catalog 215B. 
form ng unit with 
crac gasoline from a cat 
cracking unit to produce a 94-95 SARSO co 


octane number premium gasoline. The Only Truly Complete 
Line of Flexible Ball, Swivel, Swing and Rotary Joints 


In Canada: The Holden Co., Ltd., Montreal 


For more information, turn to Data Service card, circle No. 59 
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meeting 
preview 


Cracking the “operations barrier’ 


Keynote of coming Buffalo Heat Transfer Conference will be practical 
application. Equipment Exhibit will emphasize operating hardware. 


PANEL DISCUSSIONS WILL hammer hard 
at the practical aspects of the gentle 
art of heat exchange, at the joint 
A.LCh.E.-ASME Heat Transfer Con- 
ference to be held this year at Buffalo, 
N. Y., Aug. 14-17. 

Under the gavel of Don Kern, a 
Monday evening session will try to 
crack the “operations barrier” or, in 
other words, will try to analyze the 
oft-found resistance by operations 
groups to the incorporation of new 
methods and newtechniques into well- 
established plant practice. “A reversal 
of the a sequence, starting with 
operations and proceeding back to 
research,” believes Kern, “might sup- 
ply new tools entailing less specula- 
tion at the design level and fewer 
operating problems after erection.” 
Panelists will be: D. J. Bergman, 
UOP; C. H. Brooks, Sun Oil; C. H. 
Gilmour, Union Carbide Chemicals; 
A. C, Mueller, Du Pont. Comments 
from the floor will be welcomed. 


Heat exchanger standardization 


Heat exchange men cannot afford 
to miss the Tuesday evening panel 
on the standardization of heat ex- 
changer design and fabrication. On 
hand will be representatives from 
both camps—manufacturers and users. 
Speaking for the makers will be Karl 
Gardner of Yuba Consolidated Indus- 
tries, A. M. Mitchell of Struthers 
Wells, and Townsend Tinker of Amer- 
ican Standard. On the other side of 
the fence—the people who use the 
equipment—will be Kalman Segel of 
Esso Research & Development, and 
R. J. Armstrong of Du Pont. Moder- 
ator is R. M. Armstrong, and the vice- 
chairman, John Thomas, Standard of 


Indiana. 


Exhibit—Exhibit—Exhibit 


Sideshow drawing card at Buffalo 
will be the extensive exhibit of heat 
transfer equipment, slated to run con- 


currently with the technical sessions 
and the panel discussions. Mounted 
by some of the most important manu- 
facturers of heat transfer equipment, 
the booths will be manned by their 
crack engineering specialists, ready, 
able, and willing to help you with any 
conceivable sort of application prob- 
lem. Here is your chance to inspect 
the actual hardware—your visit to 
Buffalo could well replace a dozen 
field trips to find out what you need 
to know about the latest designs, not 
only in heat exchangers, but in the 
most advanced combination reactor- 


processors, etc. 


For the long-hairs 


The differential equation boys will 
also find much to chew on at Buffalo. 
Several of the technical sessions will 
be devoted to the more basic ap- 
proaches to heat exchange, equipment 
performance. * 


Glass, Teflon, and ceramic provide high corrosion resistance plus visibility in modular heat exchangers of Corning Glass. 
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GLC ANODES ARE CUSTOM 
MADE MEET VARYING 
ELECTROLYTIC CELL NEEDS 


The custom made qualities of GLC 
Anodes give each cell operator 
performance characteristics best 
suited to his particular 
requirements. 


These custom made qualities result from specialized anode 
production facilities, starting with the raw material mixing 
chambers and extending through extrusion, baking, graphitizing, 
oil impregnation and machining. 


Equipment, designed exclusively for GLC, controls oil pickup 
to precise levels, and provides machining of superior accuracy. 


7 GLC Anodes are also distinguished for their 
uniformity of structure. 
! f0PUc > These factors combine to give GLC Anode customers improved 
i — cell operating economies that are a matter of record. 
i. 2 4 May we review this record with you? 


Can 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N. Y. OFFICES IN PRINCIPAL CITIES 
For more information, turn to Date Service card, Circle No. 11 
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AROCLOR SYSTEMS 
DELIVER STEADY 
PROCESS HEAT TO 600°F 


ana... 


PINPOINT 
HEAT CONTROL... 


to within 2° F. Indirect heating 
with Aroclor 1248 ends processing 
problems from local hot spots and 
overheating. Units range from small, 
portable electric types to large, gas- 
and oil-fired heaters generating up 
to 20,000,000 BTU’s per hour. 
Typical uses: cooking of alkyd 
resins, dyestuff synthesis and other 
chemical reactions, deep-fat frying 


and other food processing, drying 
ovens and molding equipment. 


ECONOMY! Unpressurized 


systems cost less to install and main- 
tain than pressurized systems. 
Forced circulation of liquid Aroclor 
requires no condensers, vaporizers, 
traps, heavy-walled jackets or com- 
plex feed mechanisms. Compact de- 
sign saves space. Heat from a single 
unit can be supplied for multiple 
uses at different temperatures. Total 
efficiency saves processing dollars. 


FIRE SAFETY! gven a 


blowtorch won’t ignite fire-safe 
Aroclor 1248. A heating system de- 
signed with Aroclor 1248 eliminates 
the hazard of the vaporized, flam- 
mable fluid or danger of direct flame 
processing. Operating in a closed 
system vented to the atmosphere, 
these heating systems also eliminate 
the threat of “‘live’’ steam or chemi- 
cal vapors escaping under pressure. - 
Write or use coupon for 
guide to selecting the best 


r—- system for your application. ---— 


Monsanto Chemical Company 

Organic Chemicals Division 

Dept. IF-4-A, St. Louis 66, Mo. 
Please send information booklet on 
Aroclor 1248 heating systems and 
guide to heater selection. 


Name 
Company 
Address 


Aroclor: Monsanto T.M., Reg. U.S. Pat. Off. 


For more information, turn to Data Service card, Circle No. 76 
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industrial 
news 


Chem engineer teachers 
attend cryogenics school 


One day school held at Air Prod- 
ucts plant covers chemical engi- 
neering theory, practice, in grow- 
ing cryogenics field. 


THIRTY-TWO CHEMICAL engineerin . 
teachers got a telescoped “education 

in the cryogenics field when they 

recently attended a One-Day School 

for teachers. Conducted by Air Prod- . 
ucts at its Allentown, Pa., plant, and 
sponsored by the Education Projects 
Committee of A.I.Ch.E., purpose of 
the School was to sharpen ten ee 
engineering theory and technology as 
applied to the growing field of cryo- 
genics. The program was especially 
prepared to meet the modern day 
needs of the chemical engineering 
teacher by helping to bridge the gap 
between campus and industry. 

Various phases of cryogenic engi- 
neering were presented by Air Prod- 
ucts personnel in a series of technical 
sessions. Covered were: Cycle De- 
scription and Heat Balance; Selection 
ar Design of Heat Transfer Sys- 
tems; Design of Distillation Systems; 
Refrigeration Cycles and Economics 
(from a process designer's point of 
view, and from a machinery point of 
view). An Introduction to the Field 
and A Look at the Future of Cryo- 
genics were beginning and ending 
features of the lectures. 

Faculty members attending the 
School represented CCNY, Columbia, 
Cornell, Drexel Institute, Lehigh, 
Newark College of Engineering, Penn 
State, Brooklyn Polytech, Rutgers, 
Stevens Institute, Villanova, and the 
Universities of Delaware and Pennsy]- 
vania., 

The A.LCh.E. Education Commit- 
tee was represented by V. W. Uhl, 
Drexel Institute, who organized the 
project along with Air Products per- 


sonnel. # 


Production of pentaborane will begin 
at Callery’s $38 million high energy 
fuel plant in Muskogee, Oklahoma, 
late this summer. The plant has been 
undergoing substantial modifications 
since the U.S. Air Force awarded the 
company a $9 million contract. The 
Muskogee plant is one of the military’s 
principal sources for boron-based fuel 
in production quantities. 


») 
a 
om 

- 
> 
- 
at 
| 
= ® | 
' WHERE CREATIVE CHEMISTRY | % 
City __State WORKS WONDERS FOR YOU | 


» 


CONDENSER AND 
HEAT EXCHANGER CLINIC 


Edited by David S$. Hibbard, Metallurgical Engineer 
The American Brass Company, Buffalo 5, Nev: York 


New tube mill equipment gives designer of heat-transfer units 


With the installation of new production 
and testing equipment, The American 
Brass Company now offers the most 
complete service available to users of 
condenser and heat exchanger tubes. 
Long lengths. To gain advantages in 
construction, processing, or installa- 
tion, designers can lengthen equipment 
considerably. Tubes can now be drawn 
up to 100 feet. Most of the longer tubes 
are required as U-bends, but in some 
instances may be shipped as straight 
lengths. 

U-bends. Tubes from *4" O.D. to 144” 
O.D. with wall thicknesses from .049” 
(18BWG) to .134” (10BWG) can be 
bent on a radius of from 114 times the 
tube O.D. to 30”. 

Dual Gage. Where high temperatures 
and pressures are involved, it may be 
desirable to thicken the tube wall in 
the area of short-radius bends on 
U-bend tubes. Walls are thickened one 
Stubs’ Gage No. to compensate for 
thinning of metal in the bending. 
Thickened Tube Ends. To compensate 
for thinning by rolling or by impinge- 
ment corrosion caused by high veloci- 
ties, tubes may be supplied with the 


wall thickened at one end one or more 


freer hand in meeting new trends 


GENERAL VIEW of new American Brass Company equipment which can draw copper and 


copper alloy tubes in lengths up to 100 feet. 


Stubs’ Gage Nos. The extra thickness 
may be on the outside or inside of the 
tube as required. 

Relieving Stresses. All U-bend tubes, 
other than copper, are annealed at the 
bend area after bending, to eliminate 


BENDER CAN produce U-bend tubes with straight leg up to 50’ long. 
For more information, turn to Data Service card, Circle No. 44 
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the hazard of stress-corrosion cracking 
which might occur in service due to 
stresses that may exist as a result of 
the bending. 

Testing. U-bends are tested hydrostati- 
cally at ASTM Specification pressures 
—or at ASME Code pressures up to 
6000 psi on request, if the tube size 
will stand it. Electronic inspection with 
eddy-current equipment is available 
also, when required. 

Shipping. U-bend tubes are shipped 
packed for ease in handling and storage. 
Technical Assistance. For more detailed 
information on extra-long tubes, U- 
bend, Dual-gage, or Duplex tubes to 
meet special problems, address: The 
American Brass Company, Buffalo 
Division, Buffalo 5, New York. In 
Canada: Anaconda American Brass 
Limited, New Toronto, Ont. sesr new 


ANACONDA’ 


TUBES AND PLATES FOR 
CONDENSERS AND HEAT EXCHANGERS 


Made by 
The American Brass Company 
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FACTS 


ONONDAGA 
ELECTRONICS DIVISION, 
SPEER CARBON CO. 


Cuts Processing 
Time 66% 
Produces a 
Better 
End Product 


FIGURES AND 


IDEAS FROM BOWEN ENGINEERING, 


Spherical Free-Flowing Titanate Particles Produced By Bowen 
Semi-Works Ceramic Spray Dryer Shown, Resuit in Easier Pressing 


Onondaga Electronics Division, Speer Car- 
bon Co., of Syracuse, N. Y. one of the coun- 
try’s largest manufacturers of ceramic-based 
printed circuits, recently switched from the 
time-honored adobe process of drying barium 
titanates to the spray drying of titanate slur- 
ries with a Bowen Semi-Works Ceramic 
Spray Dryer. The result is what Onondaga 
Electronics Division management calls “the 
cheapest and very best way” to prepare 
barium titanates for pressing. 

PROCESSING ‘SIMPLIFIED—Prior to the in- 
stallation of the Bowen unit, two men had 
to work for a total of three days to produce 
a batch quantity of a suitable body for press- 
ing. The process used required the operations 
of mixing, oven-drying, grinding and then 
screening. Today, by use of the Bowen spray 
dryer, they can produce the same quantity 
within one day and obtain a vastly improved 
bedy that results in a more uniform pressing. 
The Bowen spray dryer produces a satis- 
factory range of particle size at a rate of 
from 50 to 100 Ibs. per hour, depending on 
the concentration of the feed slurry. 

DRYER QUICKLY AMORTIZED— Because this 
new process has eliminated several of the 
operations necessary in the old process and 
because it can produce a typical ball-mill 
batch in one-third of the time, the spray 
drying installation has paid for itself at a 
direct savings in about 15 months according 
to Onondaga Electronics estimates. (Actu- 
ally, the Company estimates of amortization 
range from eight to 15 months depending 
on the amount of accessory equipment con- 
sidered in the over-all cost analysis.) 

he spray dryer is equipped with a special 
design of atomization which can handle very 
tbrasive slurries with a minimum of wear. 
\ll parts of the equipment in contact with 
either the liquid feed slurry or the dry prod- 
uct are of stainless steel, 


FREE-FLOWING PRODUCT — The most im- 
portant advantage of the Bowen unit, how- 
ever, is its ability to produce spherical par- 
ticles. Acording to Mr. W. G. Feh-enbach, 
General Manager, even without the consid- 
erable savings in labor and operating cost, 
without which a greatly extended pay-out 
period would result, the Onondaga Elec- 
tronics Division would still want to have the 
unit because of its ability to produce these 
spherical particles. “This achiveement,” the 
General Manager says, “overshadows all 
other benefits,” although he is quick to add 
that the other benefits are substantial. This 
spherical shape which is characteristic of 
spray drying, results in a more free-flowing 
product that fills automatic dies easily and 
readily and has a very low angle of repose. 
When compared to the jagged or irregular 
shapes of particles produced by any other 
process with relatively poor flow and press- 
ing characteristics, it is easy to see why 
the Onondaga Electronics Division is en- 
thusiastic about their Bowen spray dryer. 


JAPAN’S FIRST CATALYST DRYER 
PLACED ONSTREAM BY BOWEN 


Japan's first spray dryer for synthetic fluid 
catalysts and the largest spray dryer in op- 
eration in the Far East, has been placed 
onstream in Wakamatsu City for Shokubai 
Kasei Kogyo, K. K. (Catalysts and Chem- 
icals Industries Company, Ltd.). 

Bowen designed and engineered the unit 
for the subsidiary of Nihon Gasoline and 
Asahi Glass. It was erected under the super- 
vision of Sumitomo Shoji Kaisha, Ltd., 
Tokyo, Bowen’s Japanese representatives. 


VOLUME 2, NO. 4 


INC 


RECOGNIZED 
LEADER 

IN SPRAY 
DRYING 
SINCE 1926 


SPEAKING FOR BOWEN 


DEXTER A. SMITH, 
Bowen Vice President, 
discusses the ability of 
the spray drying process 
to frequently produce a 
superior end product. 


Q: How does a spray-dried product differ from 
a product dried by other methods? 


A: Spray dried materials exhibit rather 
unique and distinctive characteristics which 
permit them to be readily distinguished, by 
visual examination and inspection, from the 
same materials dried by other methods. These 
particles are usually almost completely 
spherical and rather uniform in particle 
size. As a result of these two characteristics, 
material is usually very free-flowing, non- 
dusty, and has a very low angle of repose. 


Q: How much control can a spray drying op- 
eration exercise over such variables as par- 
ticle sizes, distribution etc.? 


A: Control of spray drying process variables 
such as type and rate of atomization, drying 
temperatures, feed concentration, etc., per- 
mit rather precise control of the other dried 
product characteristics such as average par- 
ticle size, particle size distribution, bulk 
density, and final moisture. 


Q: Whet practical value does this have to 
the manufacturer considering spray drying? 


A: The ability to determine product charac- 
teristics can mean two things: 


1.A superior end product for the producer 
to offer his customers and potential cus- 
tomers. 


Sometimes the end product is so superior 
that markets are broadened or new mar- 
kets are opened up. This is especially true 
where such factors as rate of solubility. 
rate of reaction, ratio of compaction in 
pressing, are of value in the final product 
use. 


The instances referred to on this page are 
only two of many applications in which the 
ability to control product characteristics 
within limits favors the spray drying opera- 
tion over alternative processes. 


N 


Check items desired, clip and mail with your name, 
tithe and company address to Bowen Engineering, Inc.. 
North Branch 13, N. J. 


C) Editorial Reprint OP 
() Laboratory Spray Dryer Bulletin 34 


Information on the feasibility of spray drying: 


BOWEN ENGINEERING, INC. 
North Branch 13, N. J. 


For more information, turn to Data Service card, circle No. 148 
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Data 


ervice 


@ FREE—Detailed technical 
data on products and services 
advertised this month. 

e PLUS—Carefully selected 
new offerings of free techni- 
cal literature. 

e IT’S EASY—Merely circle 
appropriate numbers on the 
Data Post Card, print your re- 
turn address and mail. 

e@ NO POSTAGE REQUIRED. 


Numbers in bold face at end of item are to be 
circled on Data Post Card for more information. 
Numbers in parenthesis after subject designa- 
tion give the page on which the advertisement 
occurs. IFC, IBC, and OBC are cover advertise- 
ments. 


SUBJECT 


EQUIPMENT 


Anodes, carbon (p. 101). Info from 
Great Lakes Carbon on facilities for 
custom production of anodes. Circle 
11. 

Can Coding Machine (p. 151). Techni- 
cal details from J. M. Lehmann. Circle 
49. 

Castings, high-alloy (p. 113). Info from 
Duraloy on high-alloy castings for tubes 
and grids. Circle 6. 

Compressors (p. 136-137). Cooper- 
Bessemer offers Bulletin on ‘‘Cooper- 
Bessemer Equipment for Chemical 
Plants.” Circle 32. 

Compressors, non-lubricated (p. 11). 
Reciprocating, centrifugal, rotary, ejec- 
tor types. From 1% to 20,000 hp, pres- 
sures from one micron to 35,000 Ib./ 
sq. in. Data from Ingersoll-Rand. Circle 
78. 

Computer, analog, general purpose (p. 
81). Info from Computer Systems on 
the DYSTAC, said to combine ad- 
vantages of both analog and digital 
computers. Circle 88. 

Computer, engineering design (p. 13). 
Application Report #10, and full tech- 
nical details of the LGP-30 from Royal 
McBee. Circle 90. 

Condenser, air-cooled (p. 160). Bul- 
letin 129R from Niagara Blower gives 
details of the ‘“‘Aero”’ vapor condenser. 
Circle 52. 

continued on page 106 
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to advertised products and services 


MATERIALS 


Absorptives (p. 145). Diversey Corp., 
Div. of General Reduction, offers tech- 
nical info, samples of Montmorillonite, 
used as carrier, extender, coating 
agent, etc. Circle 126. 


Aerosols (p. 87-88). Production statis- 
tics for 1959 available from U. S. 
industrial Chemicals. Circle 119-1. 


Coatings, protective (p. 9). Bulletin 
760 from U.S. Stoneware describes ap- 
plication of “Tygon” coatings to cor- 
rosion problems. Circle 123. 

Diatomite (p. 115). Info from Johns- 
Manville on many grades of “Celite’’ 
diatomite. Consulting assistance with 
specific filtration or mineral filler prob- 
lems. Circle 27. 

Ethyl Acetate (p. 87-88). New Data 
Sheet from U. S. Industrial Chemicals 
gives specifications, properties, ship- 
ping info, uses of three grades of ethy! 
acetate. Circle 119-5. 

Filter Materials (p. 138). Filter paper 
in complete range of sizes. Also filter 
cloth in many materials. Info from 
Filpaco Industries. Circle 85-1. 

Gases, compressed p. 131). Catalog 
from The Matheson Co., Inc. gives full 
technical data and prices on 85 com- 
pressed gases. Circle 100-1. 

Gases, compressed (p. 131). The 
Matheson Co., Inc. offers a Wall Chart: 
“Safe Handling of Compressed Gases.” 
Circle 100-3. 
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Gases, process (p. 119). Info from Air 
Products on oxygen, nitrogen, argon, 
synthesis gas, ethylene, methane, 
HCI, CO, liquid hydrogen and liquid he- 
lium. Circle 13. 


continued on page 106 


SERVICES 


Design and Construction, ethylene re- 
covery plants (p. 109). Info from 
American Air Liquide on ‘“‘pre-pack- 
aged” units. Circle 75. 


Design and Construction, synthetic 
rubber plants (p. 139). Data from Lum- 
mus on design and construction of 
India’s first synthetic rubber plant. Cir- 
cle 146. 


Fabrication, process equipment (p. 
IFC). Technical data from Wyatt Indus- 
tries, Wyatt Metal & Boiler Div. Cir- 
cle 22. 

Heat Transfer Pilot Plant Facilities (p. 
7). Complete pilot plant facilities avail- 
able for determination of heat transfer 
coefficients on unknown materials. Info 
from Chicago Bridge & Iron. Circle 8. 
Spray Drying Test Facilities (p. 92). 
Data from Nichols Engineering & Re- 
search on facilities for research, engi- 
neering, testing, custom drying at its 
Nerco-Niro Spray Dryer Div. Circle 84. 
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CEP’S DATA SERVICE—Subject guide to advertised products and services 
CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


EQUIPMENT from page 105 


Condensers, spiral (p. 27). Sizes from 
15 to 1,600 sq. ft., pressures to 150 
Ib./sq. in. Info from American Heat 
Reclaiming. Circle 110. 


Control, level, bin (p. 150). Detailed 
_s info from Bin-Dicator. Circle 


Control, liquid-level (p. 157). For all 
types of liquids. Horizontal, vertical, 
external mountings. Info from Jo-Bell 
— on the “Level Master.” Circle 


Control Systems, visual (p. 171). Book- 
let BE-20 from Graphic Systems. Circle 
60. 


Conveyors (p. 151). Data Book (88- 
page) from Continental Conveyor & 
Equipment. Circle 34. 


Conveyors, belt (p. 111). Catalog Data 
from Stephens-Adamson Mfg. Circle 
20-2. 


Conveyor-Elevators (p. 111). Bulletin 
349 from Stephens-Adamson Mfg. 
Gives details of “zipper’’ closed-belt 
conveyor-elevators. Circle 20-1. 


Cooling Systems (p. 123). Info from 
Hudson Engineering on air, water, and 
combination systems. Circle 137. 


Cylinder Valve Outlets (p. 131). Bul- 
letin from The Matheson Co., Inc. 
Circle 100-2. 


Deionizers (p. 148). From smallest lab- 
oratory to largest plant needs. Bulle- 
tins from Elgin Softener. Circle 46. 


Dryers, double-shell (p. 141). Hardinge 
offers Bulletin AH-472 on. doublie-shell, 
indirect-heat, gas-fired Gryers. Circle 
114-2. 


Dryers, single-shell (p. 141). Bulletin 
AH-471 from Hardinge gives details of 
single-shell, direct gas fired rotary 
dryers. Circle 114-1. 


Dryers, spray (p. 104). Technical info 
from Bowen Engineering. Circle 148. 


Dryers, steam-tube (p. 141). Bulletin 
AH-473 from Hardinge. Circle 114-3. 


Dryers, vertical, continuous (p. 144). 
Info from Wyssmont Co. on the “Tur- 
bo” dryer. Packaged units to 360 sq. 
ft. net. Field units to 18,000 sq. ft. 
net. Circle 23. 


Eductors, water-jet, hopper-type (p. 31). 
Bulletin 2M from Schutte and Koerting 
gives sizes, capacities, ratios, water 
consumption, materials of construction. 
Circle 56. 


Ejectors, jet-vacuum (p. 147). Bulletin 
from Jet-Vac. Circle 82. 


Equipment, corrosion-resistant (p. 28- 
29). Data from Resistoflex on Fluoro- 
flex (Teflon) chemical transfer hose, 
flexible joints, dip pipes, spargers, 
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thermowells, condenser tube protec- 
tors, tower packing rings. Bulletin. 
Circle 29. 


Extruders (p. 93). Details from Davis- 
Standard on “‘Thermatic”’ extruders and 
accessory equipment. Circle 62. 


Fans, process (p. 14). Data from Gar- 
den City Fan & Blower on “Thermal- 
Aire” plug units. Circle 93. 


Fans, rubber-coated (p. 96). Bulletin 
FD11 from Fly Ash Arrestor Corp. Cir- 
cle 130. 


Feeders (p. 5). Catalog 804 from B. F. 
Gump details the Draver feeder, avail- 
able with automatic controls. Circle 81. 


Filter Presses (p. 157). Complete Cata- 
log from D. R. Sperry. Circle 35. 


Fused Quartz Ware (p. 148). Complete 
Catalog from Thermal American Fused 
Quartz on “Vitreosil’’ industrial ware. 
Circle 25. 


Gaskets, forged, seamless, ring (p. 
171). Info from Southern California Oil 
Tool Co. Circle 38. 


Generators, gas (p. 120). Packaged 
units for production of reducing, nitro- 
gen, carbon dioxide, hydrogen, inert, 
and annealing atmospheres. Info from 
Gas Atmospheres, Inc. Circle 149. 


Grinding Units (p. 141). Bulletin AH-448 
from Hardinge describes dry and wet 
grinding units. Circle 114-4. 


Heat Exchangers (p. 8). From non-fer- 
rous to high-alloy steels, high pressure 
to vacuum, high to low temperature. 
Design and fabrication by Industrial 
Fabricating. Circle 108. 


Heat Exchangers (p. 85). Info from 
Western Supply on importance of cost 
engineering in design and fabrication of 
heat exchangers. Circle 2. 


Heat Exchangers, eir-cooled (p. 10). 
From simple water coolers to the most 
complicated process coolers and con- 
densers. Info from Smithco Engineer- 
ing. Circle 91. 


Heat Exchangers, air-cooled (p. 86). 
Catalog 557 from Young Radiator de- 
scribes high-capacity, forced-draft, air- 
cooled exchangers featuring vertical air 
discharge. Circle 61-2. 


Heat Exchangers, graphite (p. 14). Bul- 
letin 156 from Heil Process Equipment 
gives data on shell and tube, immer- 
sion types. Circle 43. 

Heat Exchangers, graphite-block (p. 
30). Engineering Manual from Carbone 
Corp. gives details of the ‘‘Polybloc” 
exchanger. Circle 74. 

Heat Exchangers, graphite, biock-type 
(p. 152). Sixteen models, 4 to 500 sq. 
ft. Bulletin from Kearney Industries. 
Circle 48. 


Heat Exchangers, low-pressure (p. 79). 
Bulletin 110 from Brown Fintube 
Circle 109. 


Heat Exchangers, panel-coil (p. 23). 
Data Sheet 15-60 Series and Price 
Bulletin 259 from Dean Products. Cir- 
cle. 26. 


Heat Exchangers, plate-type (p. 12). 
Designs to handle any pourable, homo- 
geneous liquid. Technical info from 
Chester-Jensen. Circle 103. 


Heat Exchangers, scraped-surface (p. 
97). Technical info from Henry Vogt 
Machine Co. Circle 41. 


Heat Exchangers, shell and tube (p. 
86). New 4-pass design said to cut 
water usage by 75%. Catalog 1258A 
from Young Radiator. Circle 61-1. 


Heat Exchangers, standardized (p. 33). 
Complete selection info in Bulletin 
B-20 from Struthers Wells. Circle 40. 


Heat Exchangers, standardized (p. 
130). Bulletin 158-HE from Doyle & 
Roth. Circle 147. 


Heat Exchangers, standardized (p. 
153). Bulletin 820 from Manning & 
Lewis. Circle 50. 


Heat Exchanger Tubes (p. 103). Info 
from American Brass Co. describes new 
production and testing equipment 
available to users of condenser and 
heat exchanger tubes. Circle 44. 
continued on page 108 


MATERIALS from page 105 


Heat Transfer Fluids (p. 98). Booklet 
on “UCON Heat Transfer Fluids” from 
Union Carbide Chemicals. Circle 101-1. 


Heat Transfer Fluid (p. 102). Informa- 
tion Booklet from Monsanto Chemical 
on Aroclor 1248 heating systems. 
Circle 76. 


Lubricants (p. 98). Booklet on “UCON 
Fluids and Lubricants’ from Union 
Carbide Chemicals. Circle 101-2. 


Metals, refractory (p. 116-117). Info 
from Fansteel Metallurgical on ware- 
house stocks of tantalum, tungsten, 
molybdenum, columbium, tantalum 
chemical processing equipment. Cir- 
cle 3. 


Methionine (p. 87-88). Info from U. S. 
Industrial Chemicals on dietary use. 
Circle 119-2. 


printing of (p. 87-88). 
Booklet from U. S. industrial Chemicals 
gives methods of film treatment, print- 
ing techniques, inks, field test proce- 
dures. Circle 119-3. 


Titanium (p. 87-88). Data from U. S. 
industrial Chemicals on use of tita- 
nium in chemical process equipment. 
Circle 119-4. 
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HOW TO SLEUTH OUT THE TRUTH 
ABOUT EXPANSION JOINTS 


Case the joint (design, that is) 

Badger S-R Expansion Joints have: 1. Corrugations 
which assume “all curve" shape under pressure — 
low stress, long life. 2. Tubular rings aliow flexing over 
more of corrugation height. 


“Weigh” the evidence 

S-R Joints have no bulky castings . . . weigh up to 50% 
less .. . diameter equivalent to pipe flange. instaila- 
tion is easier, lighter supports required. 


Search for clues in fabrication methods 

Beliows are hydraulically formed to produce uniform 
corrugations with minimum thinning of material. 
Quality controlled longitudinal welding, no multiple 
circumferential welds. 


Remember to look for accessories 

Full line of accessories — including covers and liners. 
Easy to pick proper combination of model, type and 
accessories for any pressure, temperature, erosive or 
corrosive condition. 


Pull an M.O. on the manufacturer's background 
Badger's 50-year experience includes development of 
first successful self-equalizing design for higher pres- 
sures, temperatures. Badger has had more fabrica- 
tion and engineering experience in more different 
applications than any other manufacturer. 


Expansion Joints 


BADGER MANUFACTURING COMPANY 


230 Bent Street, Cambridge 41, Mass. 
Representatives in Principal Cities 


Close the case — buzz Badger 

See the Badgerman for expert heip on your most 
exacting pipe expansion problems. He knows his 
business, your problems. Call or write today. 


For more information, turn to Data Service card, circle No. 33 
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EQUIPMENT from page 106 


Heat Transfer Systems (p. 125). Bul- 
letin 597 from Parks-Cramer on high- 
temperature, low-pressure liquid-phase 
heat transfer systems. Circle 42. 


Heaters (p. 146). Bulletin P-62 from 
Tranter Mfg. gives technical info on 
new “‘multi-zone” Platecoil, operating 
pressures to 250 Ib./sq. in. Circle 80. 


Heaters, process (p. 147). Bulletin 
1300 from international Boiler Works 
describes the  International-Lamont 
Aroclor Heater. Circle 89. 


Icing Systems (p. 120). For effective 
cooling in chemical processing. Info 
from Flakice Corp. Circle 58. 
Jet-Venturi Equipment (p. 124). Info 
from Croll-Reynolds on jet refrigera- 
tion, compressors, condensers, heaters, 
pumps, mixers, reactors, absorbers, 
fume scrubbers, special jet units. Circle 
31. 


Joints, bali flexible (p. 99). Catalog 
215B from Barco Mfg. describes use 
of flexible ball joints for chemical load- 
ing arm service. Circle 59. 


Joints, expansion (p. 107). Technical 
data from Badger Manufacturing. Circle 
33. 


Mixers (p. 36). New Handbook on 
Mulling from Simpson Mix-Muller Div., 
National Engineering. Circle 12. 


Mixers (p. 159). For any type of chemi- 
cal materials. info from Rapids Machin- 
ery on the “Marion"’ mixer. Circle 128. 


Mixers p. OBC). Mixing Equipment 
offers 4-page article on a heat-transfer 
correlation in a mixing vessel. Circle 
Si. 


Mixer, portable (p. 89). Technical data 
from Gabb Special Products on the 
“Shear-Flow’’ portable mixer Circle 4. 


Mixing & Grinding Equipment (p. 155). 
Complete info from Charles Ross & 
Son on kneaders, roller mills, mixers. 
Circle 121. 

Nozzles, spray (p.24). Technical data 
from C. G. Sargent’s Sons describes 
the SarJet, new design atomizing spray 
head. Circle 55. 


Nozzles, spray (p. 144). In_ bronze, 
cast iron, stainless steel. Catalog from 
Spray Engineering. Circle 84. 

Nozzles, spray (p. 160). Catalog 1 from 
Monarch Mfg. Works. Circle 87. 


Processors, heat-exchange (p. 135). 
Technical data from Kontro on relative 
performance of horizontal and vertical 
wiped film processors. Circle 124. 


Pulverizers (p. 158). Grind and classify 
in one operation in a single chamber. 
Bulletin 091 from Sturtevant Mill on 
the “Micronizer.”’ Circle 30. 
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CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


Pumps, centrifugal (p. 122). Technical 
data from Weinman Pump on centri- 
fugals with capacities from 10 to 2,000 
gal./min. Circle 21. 

Pumps, controlled-volume (p. 26). 
Catalog 59 from Lapp Insulator gives 
technical data on the “Pulsafeeder,”’ 
for flows to 15.7 gal./min., pressures 
to 7,000 Ib./sq. in., manual or instru- 
ment controls. Circle 5. 

Pumps, controlled-volume (p. IBC). For 
feeding of hazardous, corrosive, or 
toxic chemicals. Bulletin 1157-3 from 
Milton Roy. Circle 115. 

Pump, process (p. 82). Can handle 
any pumpable corrosive fluid at tem- 
peratures from minus 350 to plus 
1,000°F. Sizes from 144 to 16 in. 
Bulletin 203-8 from Lawrence Pumps. 
Circle 77. 

Pumps, turbine-type (p. 158). Bulletin 
100 from Roy E. Roth gives mechanical 
details, performance curves on all 
sizes. Circle 19. 

Pyrometer, surface (p. 155). Bulletin 
4257 from Illinois Testing Laboratories 
describes the Alnor ‘“‘Pyrocon.” Cir- 
cle 7. 

Reactors, giassed-steel (p. 121). Butle- 
tins from Pfaudier Permutit on full line 
of “Glasteel”’ reactors available for 
immediate delivery. Circle 129. 
Recorder, ‘‘peak-picking’’ (p. 25). Cata- 
log from Daystrom, Weston Instruments 
Div., on the Model 6707 Weston Peak 
Picking Recorder for gas chromatogra- 
phy. Circle 125. 

Rectifiers, semiconductor (p. 153). 
Meaker Co., subsidiary of Sel-Rex, of- 
fers Guide to Industrial Rectifier 
Equipment. Circle 54. 

Refrigeration Unit (p.145). Bulletin 
9143-B from Ingersoll-Rand gives de- 
tails of water-vapor refrigeration unit 
with steam-jet cooler. Circle 79. 
Rotameters (p. 149). Bulletin 150 from 
Brooks Rotameter gives materials of 
construction, technical details. Circle 
14, 

Separation Equipment, liquids-solids 
(p. 133). Technical data from Bird Ma- 
chine on oscillating-screen centrifuges, 
solid-bowl centrifugals, rotary-drum 
vacuum filters, pressure leaf filters, 
batch centrifuges, tilting-pan rotary 
vacuum filters. Circle 45. 

Separators, entrainment (p. 4). Bulletin 
21 from Otto H. York details applica- 
tions of York ‘“‘Demisters.”" Circle 105. 


Separators, entrainment (p. 125). Bul- 
letin ME-9 from Metal Textile discusses 
processing applications of ‘‘Metex” 
mist eliminators, knitted-wire entrain- 
ment separators. Circle 17. 

Strainers, line (p. 146). For spray noz- 
zie systems, related applications. Bul- 
letin 94 from Spraying Systems. Cir- 
cle 92. 


Tanks, rubber-lined (p. 10). Complete 
info from Gates Rubber Co. Circle 111. 
Tanks, stainless (p. 138). For storage 
and mixing, in all sizes. Data from Fil- 
paco Industries. Circle 85-2. 
Thermocouples (p. 32). Revised 40- 
page Catalog from West Instrument 
gives selection data, components, 
prices. Circle 57. 

Thermocouple Wells, drilled (p. 154). 
Bulletin 2000 from Claud S. Gordon 
gives specs, sizes, ordering info on 
“Serv-Rite” drilled wells. Circle 24. 


Transducer, electro-pneumatic (p. 150). 
With or without pneumatic valve posi- 
tioner. Data from Fisher Governor on 
Type 543. Circle 16. 

Tubing, heat-exchange, _integral-fin 
(p. 19-22). Engineering data from Woi- 
verine Tube on “Trufin” tubing, avail- 
able in many types in copper, copper 
alloys, aluminum. Circle 120. 

Tubing, Tefion (p. 149). Toughness and 
flexibility from minus 90 to plus 
250°C. Info from L. Frank Markel & 
Sons. Circle 37. 

Valves (p. 129). Wide choice of vaive 
body and plug facing materials. Tech- 
nical info from DeZurik. Circle 15. 
Valves, ball-plug (p. 91). Catalog V-60 
from Hydril gives full technical details. 
Circle 122. 

Valves, corrosion-resistant (p. 38). In 
stainless, nickel, Monel, Hastelloy al- 
loys, Ni-resist, aluminum, .many other 
special alloys. Info from Wm. Powell. 
Circle 10. 

Valve, flow-diverter (p. 156). Catalog 
from Systems Engineering & Manufac- 
turing. Circle 9. 

Valves, plug, jacketed, spring-loaded 
(p. 154). Bulletin J-57 from Hethering- 
ton & Berner. Circle 47. 

Valve, safety-relief (p. 152). Pyrex and 
Tefion construction for seal against 
gases and liquids. Bulletin RV-1 from 
Chem Flow. Circle 28. 


Vaporizers (p. 34). Bulletin 1D-54-5 
from Foster Wheeler gives complete de- 
tails of high-temperature, low-pressure 
vaporizers. Circle 102. 

Viscometers (p. 132). info from Brook- 
field Engineering Laboratories on appili- 
cations of the “‘Viscometran” in proc- 
ess control. Circle 1. 


Water Coils (p. 134). Bulletin R-50 
from. Aerofin Corp. gives full technical 
details of Type R removable-header 
water coils. Circle 127. 


Weigher, continuous (p. 111). Bulletin 
958 from Stephens-Adamson Mfg. Cir- 
cle 20-3. 

Wire Cloth (p. 83). For filtering, sizing, 
straining, testing. In all metals, all 
weaves. Bulletin FC from Newark Wire 
Cloth. Circle 53. 
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Recovery 

to suit your 
pocketbook 


Lowercapital outlay, elimination 
of over-production problems, and 
greater all-round design and opera- 
tional flexibility. These are some 
of the positive advantages gained 
from the use of low-temperature gas 
separation in ethylene recovery. 


Low-temperature separation 
permits the building of smaller 
units, which result in lower erection 


and operation costs. Air Liquide 
designs and builds these smaller 


units as “pre-packaged” assem- 
blies, with capacities up to 100 
tons or more per day. 


An unusually large “packaged” type Air Liquide low-temperature gas separation plant in use ot 
Chemical 


American 

During the past 30 years, Air 
Liquide has been recovering ethyl- 
ene from effluent gases like coke- 
oven gas (containing 1.5 to 2%) 
and refinery off-gases (containing 
5 to 15%) by the low-temperature 
process. And Air Liquide has built 
more ethylene recovery units and 
hydrocarbon separation plants than 


anyone in the world. 


If you are thinking of ethylene 
recovery, check first with American 
Air Liquide. 


In Canada: 

L'Air Liquide, 

1210 Sherbrooke St. W., 
Montreal, Quebec. 
Telephone Victor 2-5431 


Chrysler Building, 405 Lexington, Ave., New York 17, N.Y. Telephone: YUkon 6-6544 


‘ation's chiorinated-hydrocarbon manufacturing centre in California. 


Air Liquide has designed and built 
the following types of plants, 
now in use throughout the w : 


* Air Separation — oxygen, nitrogen, 
etc. « Tonnage Oxygen and Nitrogen 
(Gas and Liquid) + Rare Gases Recovery 
CO: Purification Methane Purification 
* Natural Gas Liquefaction + Coke-Oven 
Gas Separation + Refinery Gas Sepora- 
tion ¢ Hydrogen Liquefaction * Helium 
Recovery + Pure CO Production + Heavy 
Water for Atomic Reactors. 


ves 


For complete information write or call 


AMERICAN 


AIR LIQUIDE 


ENGINEERING & CONSTRUCTION DIVISION 


N EXPERIEN 


ALL AIR LIQUIDE LOW-TEMPERATURE PLANTS ARE DESIGNED AND BUILT IN 
NORTH AMERICA FROM AMERICAN MATERIALS, TO NORTH AMERICAN STANDARDS 
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SUBJECT GUIDE to free technical literature 


CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


EQUIPMENT 


301 Adsorption System, carbon. Cata- 
log from Barnebey-Cheney outlines 
three basic units and operation of 
Resorb system. 

302 Air Filter. Bulletin describing new 
cube air filter for low costs and easy 
instaliation from Union Carbide Dev. 
Co 


303 Compressor, centrifugal. Twelve- 
page Bulletin from Allis-Chalmers pre- 
sents design features of multi-stage 
compressors. 

304 Computer, analog. Information for 
new solid state computer CM-3 for 
process industries from Southwestern 
industrial Electronics Co. 

305 Computer, digital. Details from 
Packard Bell Computer Corp. describes 
PB250 general purpose computer. 

306 Computer, gas flow. Data Sheet 
from Minneapolis-Honeywell gives appli- 
cations of new analog computer for gas 
flow systems. 

307 Computer Controller. information 
for the Quarie computer controller from 
Fischer & Porter. 

308 Conveying Systems, air. Question 
and answer Brochure from Flo-tronics 
Inc. discusses materials handling prob- 
lem. 

309 Detector, overheat. Brochure de- 
scribes continuous resetting thermistor- 
type detector from Walter Kidde & Co. 
310 Diaphragm Valves, graphite. Bulle- 
tin from Falls Industries contains de- 
tails for new series of small diameter 
graphite valves. 

311 Dissolvers. Information concerning 
a dissolver mounted on fixed tanks ap- 
plicable to variety of mixing problems 
from Morehouse-Cowles, Inc. 

312 Equipment, pilot plant. Specifica- 
tions for line of reaction and distillation 
pilot plant packaged assemblies from 
Doyle & Roth Mfg. Co. 

314 Filling Equipment. Eight-page Fold- 
er describes line of auger filling ma- 
chines for powders, pastes, granules. 
Food Machinery & Chemical Corp. 

315 Fittings, seamless welding. Bulletin 
from Midwest Piping Co. lists complete 
line of stock fittings. 

316 Flow Tube. Descriptive literature 
for new “‘Lo-Loss” flow tube for accu- 
rate measurement of flow from Bur- 
gess-Manning Co. 

317 Fluid Flow Rate Alarm. Bulletin 
from Brooks Rotameter Co. describes 
alarms for signalling or for simple con- 
trol functions. 

318 Fractionator Reflux Control. Instru- 
mentation Data Sheet from Minneapolis- 
Honeywell describes method for con- 
trolling reflux ratio. 

continued on page 112 
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MATERIALS 


361 Aliphatic Chemicals. Twenty-page 
Booklet from Armour Industrial Chemi- 
cal Co. describes production and uses 
of aliphatic chemicals. 

362 Antioxidant. New 16-page Brochure 
from Eastman Kodak illustrates effec- 
tiveness of Tenamene-3 as an indus- 
trial antioxidant. 

363 Beryllium. Brochures from Beryl- 
lium Corp. present properties and appli- 
cations of the oxide and the metal. 
364 Boron. A 24-page Booklet entitled 
“Borax and other Boron Compounds” 
from Stauffer Chemical Co. contains 
properties, reactions, uses of boron 
compounds. 

365 Coatings Selector. Chart from Bee 
Chemical Co. contains list of surfaces 
with data on coating materials. 

366 Cryogenic Gases. Wallet size and 
full-sheet size cards containing physical 
properties of cryogenic gases available 
from Air Products, Inc. 


DEVELOPMENT OF THE MONTH 


Veing Comprocses Gases 


SAFETY CHART 


(Circle 601 on Data Post Card) 


A new 14” x 21” wall chart entitled “Using 
Compressed Gases,” published by The Matheson 
Co., Inc., illustrates recommended procedures for 
the safe handling of compressed gases. 

The chart, reported to be the first of its 
kind, shows the proper methods of receiving 
cylinders, storage, moving, handling empty cyl- 
inders, and using compressed gases. 

To obtain a copy of this wall chart from 
The Matheson Co., Inc., Circle 601 on Data 
Post Card. 


367 Diatomite. Bulletin discusses uses 
of diatomite in paper and pulp mills. 
From Dicalite Dep. of Great Lakes 
Carbon. 

368 Fabrics, industrial. information 
concerning industrial fabrics for fluid 
solid separation from American Machine 
and Metals. 

369 Fluids and Lubricants, synthetic. 
Literature and samples of Ambiflo lu- 
bricants and fluids available from Dow 
Chemical Co. 


continued on page 112 


SERVICES 


389 Air Pollution Controi. A Booket 
from John Wood Co. discusses a 
planned approach to air pollution con- 
trol. 

390 Alloy Casting Publications. Booklet 
from Alloy Casting Institute lists tech- 
nical reprints available. 

391 Corrosion Guide. Booklet contain- 
ing corrosion tables for metals, plas- 
tics, synthetic rubber used in valves 
from Hydromatics, Inc. 

392 Dyeing of Synthetic Fibers. An 86- 
page Brochure from General Aniline & 
Film Corp. contains information on 
most important man-made textile 
fibers: 

393 Heat Transfer. Article concerning 
radiant and convection heat transfer 
calculations from Carborundum Co. 


394 Maintenance Cleaning. Booklet 
from Oakite Products, inc. discusses 
the cleaning problem in the chemical 
industry. 

395 Metal Chart. Table of properties 
for tungsten, tantalum, molybdenum, 
columbium and temperature conversion 
chart from Fansteel Metallurgical Corp. 
396 Periodic Chart. A periodic chart 
modified for nuclear design personnel 
is available from Westinghouse. A $1 
handling charge will be billed directly. 
Do NOT send money to CEP. 

397 Polymer Reprints. Two Technical 
Reprints on anionic polymerization of 
styrene and elasticity of polymer net- 
works are available from the Mellon 
Institute. 

398 Selection Chart, filler alloys. New 
welding aid for quickly specifying filler 
alloys for wrought alloy metal com- 
binations available from Alcoa. 

399 Solvents Transmittance. New 14” 
X 17” wall chart from Matheson Cole- 
man & Bell shows U.V. and I.R. trans- 
mittance data. 


CHEMICAL ENGINEERING PROGRESS, (Vo!. 56, No. 7) 


4 
ap 
; 
. 
USING 
~ 
4 
The Matheson Company, Inc. 
5 
5 
ad 


* 


REDLER' CONVEYOR- 
: coe S-A REDLER Conveyor-Elevators have been in successful operation for 
ELEVATORS SPEED te over 25 years, with well over 20,000 units now handling a wide 


range of pulverized, granular, small lump and flaked materials, in 
plants throughout the world. The REDLER Conveyor-Elevator moves 


within totally enclosed, dust-tight, compact casings, permitting large 
. and bend corners with relatively low power required at the drive. 
versatility to handle hundreds of bulk chemical materials. 


EFFICIENCY, LOWER material by an EN MASSE action horizontally, vertically, on inclines, or 

ey around bend corners. All movement is continuous and takes place 

; : BULK CHEMICAL tonnages to be handled in small space. The conveying element is a 
tees E series of U-type skeleton flights which move readily around sprockets. 
& HANDLING COST : Skeleton flights may easily be unhooked and replaced without tools. 
ae as a ewe Handles up to hundreds of tons per hour and provides maximum 
S-A ENGINEERED PRODUCTS FOR CHEMICAL HANDLING SYSTEMS 


—9 


| 


“ZIPPER” CLOSED-BELT BELT CONVEYORS— CONTINUOUS WEIGHER— 
CONVEYOR-ELEVATOR—BULLETIN 349 REQUEST CATALOG DATA BULLETIN 958 


ENGINEERING DIVISION 
STEPHENS-ADAMSON MFG. Co. 


GENERAL OFFICE & MAIN PLANT, 57 RIDGEWAY AVENUE, AURORA, ILLINOIS 


PLANTS LOCATED IN: LOS ANGELES, CALIFORNIA © CLARKSDALE, MISSISSIPPI 
BELLEVILLE, ONTARIO 


For more information, turn to Data Service card, circle No. 20 
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| LER Conveyor: Elever 
LER Conveyor - Elevator 
shows skeleton flights 
at loaded and unloaded. 


EQUIPMENT from page 110 


319 Gyratory Screen. Bulletin from 
Allis-Chalmers presents operating ad- 
vantages of stainless steel gyratory 
screen. 

320 Heat Exchangers. Information for 
low cost, double pipe heat exchanger 
with improved assembly and mainte- 
nance features from Brown Fintube Co. 
321 Heat Exchanger, graphite. Details 
for new heat exchanger units with recir- 
culating pump from Heil Process 
Equip. Corp. 

322 Heater, drum. Literature describing 
new model drum heater operated by 
pulleys and counter weights from Glas- 
Col Apparatus Co. 

323 Heaters, unit and blast. Four- 
section Catalog from D. J. Murray Mfg. 
Co. describes cast iron heat units. 

324 Impact Mill, centrifugal. Informa- 
tion from Entoleter describes mills for 
particle size reduction. 

325 Industrial trucks, cost study. Four 
Booklets (62 pages) tells how to calcu- 
late and compare costs of industrial 
trucks. Details from Electric Storage 
Battery Co. 

326 Instruments, laboratory. A 54-page 
Catalog describes complete line of in- 
dustrial instruments from E. H. Sargent 
& Co. 

327 Knife Cutters, rotary. Bulletin from 
Young Machinery Co. describes com- 
plete line of cutting equipment. 

328 Linings and Coatings. Bulletin G-57 
from Electrochemical Eng. & Mfg. de- 
scribes acid and alkali-proof linings for 
industrial equipment. 

329 Liquid Level Gages and Valves. 
New 8-page Catalog covers complete 
line of Jerguson liquid level gages and 
and valves. 

330 Mills, attrition. Fifteen-page Bulle- 
tin. contains complete line of attrition 
mills available from Young Machinery 


331 Mixer, shear-flow. New Brochure 
covering complete line of industrial 
mixers from Gabb Special Products, 
Inc. 

332 Oven, infrared. Catalog containing 
facts and figures for electric infrared 
heating from Radcor, Inc. 

333 Packings. Four Manuals containing 
information on molded packings avail- 
able from Greene, Tweed & Co. 

334 Pipe, data chart. New Chart from 
Peter A. Frasse & Co. covers dimen- 
sions and weights of steel pipe and 
gives capacities of tanks. 

335 Pipe, Fittings, and Valves. Proper- 
ties, chemical resistance, dimensions 
for rigid, unplasticized PVC equipment 
available from Luzerne Rubber Co. 
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336 Pipe & Fittings, graphite. Bulletin 
from Falls Industries describes both 
woven glass fabric armored and non- 
armored pipe and fittings. 
337 Process Control. New 12-page 
Booklet outlines industrial process con- 
trol systems offered by Daystrom, Inc. 
338 Pulverizer, turbo. Literature cover- 
ing turbo pulverizers and mills from 
Paliman Pulverizers Co. 
339 Pumps. New 32-page Catalog de- 
scribes rotary positive air pressure and 
vacuum pumps, gas boosters from Lei- 
man Bros. 
340 Pumps, rotary. Engineering Selec- 
tion Manual presents technical data for 
rotary pumps from Deming Co. 
341 Pumps, rotary. Folder describes 
complete line of general purpose, heavy 
duty and special pumps from Viking 
Pump Co. 

continued on page 114 


DEVELOPMENT OF THE MONTH 


GRAPHITE HEAT EXCHANGER 
(Circle 602 on Data Post Card) 


An impervious graphite heat exchanger offering 
complete resistance to almost all acids, alkalies, 
and solvents is available from the Carbone Corp. 

The “Polybioc’ exchanger shown above takes 
a corrosive liquid in at inlet C and passes this 
stream axially through short passages and mix- 


radially through the block to t 
back to the shell several times prior to exiting 


CEP’S DATA SERVICE—Subject guide to free technical literature 
CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


MATERIALS from page 110 


370 Gases, high purity. Sixteen-page 
Booklet from Linde Co. presents prop- 
erties of gases, isotopic data for rare 
gases, physical data tables. 

371 Graphite. Brochure describing in- 
dustrial applications and characteristics 
of graphite from Great Lakes Carbon 
Corp. 

372 Hexahydrophthalic Anhydride. A 
17-page Booklet describes properties 
and uses of organic anhydride from 
Allied Chemical. 

373 Hydrogen Peroxide. Five Booklets 
from Solvay Div. of Allied Chemical 
contain bibliographies on hydrogen 
peroxide. 

374 insulation. Details for new, high 
temperature Kaylo-Klad pipe insula- 
tion from Owens-Corning Fiberglas 
Corp. 

375 Insulation. New Booklet contain- 
ASTM and government specifications 
and section on how to calculate 
economic thicknesses from National 
Insulation Mfg. Assoc. 

376 Laminating Guide. A 24-page Dapo- 
nite Laminating Guide available from 
Food Machinery and Chemical Corp. 
377 Molybdenum Metal. A 110-page 
Book from Climax Molybdenum Co. 
contains enginering data for molyb- 
denum metal. 

378 Organics. Fifteen-page Brochure 
lists typical analyses of cresols, xylenol, 
cresylic acid availeble from Producto! 
Co 


379 Organic Chemicals. New 21-page 
Brochure from Eastman Kodak lists 
properties and preparation procedures 
for derivatives of tetramethyl-1, 3-cyclo- 
butanedione. 
380 Packing, polyethylene. Packed 
tower data using unique packing avail- 
able from Harshaw Chemical Co. 
381 Pimelic Acid. Technical informa- 
tion from American Cyanamid describes 
pimelic acid used in making new poly- 
ester and polyamide resins and fibers. 
382 Polyester Resins, corrosion tests. 
A copy of a corrosion test for polyester 
resins is available from Atlas Powder 
Co. 
383 Polyvinyl dichloride. Bulletin from 
B. F. Goodrich Chemical Co. describes 
new hi-temp Geon. 
384 Polyvinylpyrrolidone. New 22-page 
PVP Formulary issued by Antara Chemi- 
cals is guide to new products. 
385 Sodium Aluminate. Brochure out- 
lines industrial uses, physical and 
chemical properties of sodium alumi- 
nate from Nalco Chemical Co. 

on page 114 
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- ing chambers in the graphite block. This ar- . 
rangement is said to provide extreme turbulence, 
: high heat transfer, and reduced scaling. The i 
2 liquid exits at D. ih 
; The noncorrosive fluid enters at A and passes i 
at B. 
re For more complete design and corrosion data = 
: from Carbone Corp., Circle 602 on Data Post e 
Card. 


Duraloy Tub e S 


Duraloy Centrifugally Cast Tubes 7’9” long, 7” O.D., 
%” wall. 28 Cr 10 Ni; some of HOM alloy. 


Heat treating furnaces need high alloy castings... radiant 

heat tubes for gas or oil fired...resistance grids for elec- 

trical...and castings for handling material through the 

furnace. And the castings must be fail-proof! 10 Cr came of 
One reason—indeed the major reason—why The Electric 

Furnace Company, Salem, Ohio, has leaned so heavily on 

Duraloy for its castings is that over the years Duraloy 

Castings have established a fine record for durability and 

uniformity. And with the recent development of Duraloy 

HOM, the furnace company can work towards higher 

temperature operations. HOM can be used quite broadly 

at temperatures up to 2200°F and in a limited way to 

2300°F. it can be cast statically, centrifugally and shell 

molded. 

When such an authority on heat treating furnaces as 

Electric Furnace so consistently selects Duraloy castings 

for these furnaces on which it has built an enviable repu- 

tation...that preference suggests quite strongly that 

Duraloy castings are consistently sound and skillfully 

This same skill offers comparable values to all who require and bright annealing of cold rolled strip. Three methods of heat- 


3 f ing: direct fuel fire; fuel fired radiant heat; and clectric resistance 
high alloy castings. used ‘in the various zones. 


OY 


OFFICE AND PLANT: Scottdale, P 
EASTERN OFFICE: 12 Eost 41st Street, New York 17, W. Y. 
CHICAGO OFFICE: 332 South Michigan Avenve 
DETROIT OFFICE: 23906 Woodword Avenue, Pleasent Ridge, Mich, 


For more information, turn to Data Service card, circle No. 6 
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EQUIPMENT from page 112 


342 Pump, rotary gear. Bulletin de- 
scribes pumps to handle liquids of high 
viscosities at 650 gal./min., 350 Ib./sq. 
in. Sier-Bath Gear & Pump Co. 


343 Pumps, selector chart. Bulletin de- 
scribes eleven types of pumps for 
handling waste materials from Yeomans 
Brothers Co. 


344 Pump, sump-type. information 
from Eastern industries describes verti- 
cally submerged sump-type pump used 
for corrosive, abrasive, radioactive 
liquids. 


345 Regulator, pressure. Catalog con- 
tains details for OPW-Jordan’s self- 
operated, pilot-operated, solenoid-oper- 
ated, and back pressure regulators. 


DEVELOPMENT OF THE MONTH 


‘ 


AIR CUSHIONED VALVE 


(Circle 604 on Data Post Card) 


A unique air cushion design has been Incor- 
porated into a line of check valves from Penn- 


The valve can be installed in any position and 
can be inspected easily by removing the valve 
cover (bottom photograph). 

For more information from Pennsylvania Pump 
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346 Roller Mills, pneumatic. Brochure 
describes features, applications of mills 
from Bradley Pulverizer Co. 


347 Seals, mechanical. New Bulletin 
describing line of mechanical seals 
available from Garlock Inc. 


348 Separator, dust. Bulletin containing 
performance and selection data for 
dust separators from the Day Co. 


349 Spray Nozzles. Twelve-page Bul- 
letin from Binks Mfg. describes and 
gives specs for variety of spray noz- 
zles. 


350 Steam Traps. Information for new 
line of thermostatic steam traps from 
Farris Eng. Corp. 


351 Tank, corrosion resistant. Informa- 
tion for epoxy bonded, glass filament 
wound Poxyglas  corrosive-resistant 
tanks. Black, Sivalis & Bryson, Inc. 


352 Tanks, Polycei. Data Folder con- 
taining complete information and prices 
for both wooden and Polycel tanks 
from Wendnage! & Co. 


353 Tubing, polyethylene. Catalog con- 
taining dimensions, bursting pressures 
for tubing from Pyramid Plastics. 


354 Vacuum Pumps, mechanical. Bul- 
letin with features, maintenance selec- 
tion data for vacuum pumps from 
Consolidated Vacuum Corp. 


355 Valve, butterfly. Folder illustrates 
application of valves for large volume 
flows. Mason-Neilan. 


356 Valve, control. Sixteen-page Cata- 
log presents engineering data for con- 
trol valves from General Kinetics Corp. 


357 Valves, polypropylene. Details con- 
cerning corrosion resistant polypropy- 
lene gate valves from Vanton Pump 
and Equip. Corp. 


358 Valve, safety-relief. A 28-page 
Catalog contains design data for liquid 
and special service safety-relief valves. 
Farris Eng. Corp. 


359 Vibrating Equipment, materials 
handling. A 68-page Catalog presents 


' description, data, specifications of all 


Syntron products. 


360 Water Generators, high tempera- 
ture. A 36-page Booklet describes high 
temperature water systems designed 
by Babcock & Wilcox. 


DEVELOPMENT OF THE MONTH 


PLATE-AND-FIN HEAT 
EXCHANGER 


3 


and 
be 


approximately 
Units as large as 22,000 sq. ft. can 


For more information from Stewart- 
Corp., Circle 603 on Data Post Card. 


MATERIALS from page 112 


386 Stainless Steel, austenitic. Booklet 
on sigma phase austenitic stainless 
steel offered by Electric Steel Foundry 
Co. 


387 Steel-Bonded Carbides. Technical 
Reprint from Chromalioy Corp. reports 
results of cermet studies at Sinter- 
cast Div. 


388 Titanium. Technical Bulletin con- 
tains properties for alloyed and un- 
alloyed titanium. Data from Nooter 


Corp. 


i 


A.1.Ch.E. Membership 


Brochure—“Know Your Insti- 
tute’’—tells objective aim and 
benefits to chemical engineers 
who join this nation-wide organ- 
ization, includes membership 
blank. Circle number 600 on 
Data Post Card. 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 7) 


— | 

+ The manufacture of large dip-brazed aluminum 

plate-and-fin heat exchangers for industrial and 

= cryogenic service has been made practical with 

recently installed facilities at the Stewart- 

| 

sylvania Pump & Compressor Co. to dampen 
: The valve is designed so that flat, annular “" 
| discs, guided at the outer periphery, lift against [iii a 
a cushion ef air as shown in the top photograph. PO Ans 
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In diatomites, Johns-Manville precision processing works for you 


Constant uniformity in every grade of Celite 


assures consistent results, less down-time 


For mineral filler use— Super Floss grade is 
made up of carefully sized fines air-floated 
off in the bag house. 


As THE MICROSCOPE SHOWS, each 
grade of Celite* diatomite has its 
own distinctive particle size dis- 
tribution. Yet no matter where or 
when purchased, each remains uni- 
form from bag to bag—your assur- 
ance of top production results with 
minimum down-time. 

Three examples of flux-calcined 
Celites are shown here. Hyfio® 
Super Cel is widely used for filtra- 
tion in many industries. It has just 
the right combination of coarse and 
fine particles to assure optimum 
clarity and flow rates. Celite 545, 
with a higher percentage of coarse 
particles, is used to achieve maxi- 
mum clarity and faster flow rates 
with liquids that have larger sus- 
pended particles. 


Super Floss, one of several bag 
house grades, has fine particle size 
distribution. A white powder, it is 
processed within very narrow toler- 
ances (less than 1% retained on 
325 mesh). It is a popular filler in 
fine products such as silver polishes. 


Johns-Manville can precision- 
produce so many different grades of 
Celite because it mines the material 
from the world’s largest and purest 
commercially available deposit. For 
assistance with specific filtration or 
mineral filler problems, talk to a 
nearby Celite engineer. Or write 
direct to Johns-Manville, Box 14, 
New York 16, N. Y. In Canada, 
Port Credit, Ontario. 


*Celite is Johns-Manville’s registered trade mark 
for its diatomaceous silica products. 


JOHNS-MANVILLE JM 


For more information, turn to Data Service card, circle No. 27 
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| for all Celite grades. 
j 

For high-clarity filtration of most this 
4 specially milled diatomite, Hyflo Super Cel. to neti 
; 

| 
: — 
house equipment. 
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Now in Operation 
THE FIRST 


— 


FOR 


Tantalum Tungsten 
Molybdenum Columbium 
Acidproof Tantalum Chemical Equipment 


YOUR HANDY GUIDE TO THE FASTEST SERVICE EVER... 
EANSTEEL mew Fansteel Warehouse Price and Stock List. Contact your Fansteel representative 


cre al : or write direct to Metals and Fabrication Division. 
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Sie? 


At Fansteel 


Now Order Refractory Metals Just As You Do Steel... 
from the New Fansteel Warehouse 


No more delivery worries. Just phone, wire or write... your 
request is immediately written up, checked and stamped “WARE- 
HOUSE”, which means “In Stock—Rush!" In the warehouse, your 
materials are selected from waiting shelf stocks, sheared, cleaned, 
packed, whisked to the shipping dock... and your order is on 
its way, warehouse to you. 

Complete warehouse service: cutting, slitting, other processing; 
... technical assistance to save you money, whatever your problem; 
... tained, experienced personnel to see that your order is shipped 
correctly and promptly. And ...as always, the best in tantalum, 
tungsten and other refractory metals from Fansteel . . . but faster. 


As Fast, As Dependable As Requisitioning from Your Own Stockroom 


Establish regular production schedules and know they'll be kept 
without heavy inventory investments of your own. Accelerate your 
R&D schedules with the assurance of experimental quantities 
whenever you need them. Speed up your prototype or pilot runs 
with metals right off the Fansteel shelves. Just call Fansteel. 


All of These, Now Ready for Shipment 


... and more types and sizes added to stock every day— 


TANTALUM COLUMBIUM 


Sheet from .005 x 10 x 156” Sheet from .005 x 10 x 30” 
to .125 x12 x12” to .125 x12 x 12” 
Foil from .00055 x 10 x Coil Rod and Wire from .002” to .250” 
to .004 x 10 x Coil 
Rod and Wire from .002” to .750” COLUMBIUM ALLOYS 
TUNGSTEN Fansteel Metal 


Sheet from .005 x 6 x 18” 
ACIDPROOF TANTALUM 
CHEMICAL EQUIPMENT 
Red and Wire from .063” to .875” 
Bayonet Heaters 


Tapered Condensers 
MOLYBDENUM Thermowells MOLYBDENUM CRUCIBLES 


Sheet from .005 x 6 x 30” Mant Ceatangers MOLYBDENUM ELECTRODES 
to .125 x 12 x 30” 
TANTALUM SCREWS, MOLYBDENUM TUBING 


Foil from .00! x 4 x Coil 
to 004 x 4 x Coil BOLTS, STUDS NICKEL-PLATED 


Rod and Wire from .010” to 1.500” TANTALUM TUBING MOLYBDENUM SHEET 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, illinois, U.S. A. 


For more information, turn to Data Service card, circle No. 3 
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chemical 
feature 


New genealogy for epoxides 


New family of epoxides being turned out by Union Carbide 


DEVELOPMENT WORK GOING back to 
1951 is bearing promising fruit at the 
Institute, West Virginia, plant of 
Union Carbide Chemicals with the 
first commercial production of a whole 
series of epoxides based on a perace- 
tic acid capacity of some 10 million 
ame per year. Process used by Car- 
ide at Institute for production of 
peracetic depends on incomplete low- 
temperature oxidation of acetalde- 
hyde, followed by rapid separation of 
the reaction products, peracetic acid 
and acetaldelale. This is a sharp 
break with the classic route by the 
reaction of glacial acetic with h 
gen peroxide using a mineral acid cat- 
alyst. (Chief U. S. producer up to 
now has Becco 
Division F Machinery 
Chemical). 

Advantages claimed for the new 
peracetic acid are economics 
and purity of the product. In the sub- 
sequent production of epoxides, the 
peracetic acid is used as a solution in 
a non-aqueous inert solvent. This goes 
far to eliminate the dan 
with a basically unstable material. In 
addition, the facilities at Institute are 
equipped with every safety device 
known to man—and some new ones. 
Peracetic-based epoxides 

Key feature of Union Carbide’s 
three new commercial-scale “Unox” 
epoxides 201, 206, and 207, is their 
basically cycloaliphatic structure, in 
contrast to the more conventional bi- 
sphenol A-based resins. 

Type 201, according to Carbide, 
has a low viscosity at room tempera- 
ture without use of special solvents 
or reactive diluents which = 
downgrade the final properties of 
finished plastic. ler. viscosity fills 
voids in castings, reduces bubble for- 
mation, and its better penetra- 
tion of both s-fiber laminates and 

molds. Being a cycloalipha- 
build-up characteristic of the phenolic 
groups in bisphenol A- resins; 
makes possible plastics with low 
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Chemicals at Institute, W. Va., is based on peracetic acid. 


initial color and resistance to discol- 
oration from ultra-violet light, heat, 
and air oxidation. Applications seen 
are electrical and electronic compon- 
ents, encapsulation, tooling coatings, 
laminates and adhesives. 


Reactive diluent 

Type 206 epoxide is said to be 
excellent reactive di for epox 
resins derived new 
“Unox” epoxides, or bisphe- 
continued on page 1 


8 


Properties of Unox Epoxides 


Unox Epoxide 201 
Molecular Weight 280.35 
Specific Gravity at 20/20°C. 1,121 
Coefficient of Expansion at 20°C. 0.00035 per °C. 
Boiling Point at 5 mm. Hg. 215°C. 
Pour Point 30°F. 
Solubility in Water at 20°C. 0.3% by wt. 
Solubility of Water in, at 20°C. 1.8% by wt. 
Viscosity at 25°C. 1810 cps 
Refractive Index, np at 20°C. 1.4920 
Flash Point (open cup) 310°F. 

Unox Epoxide 206 
Molecular Weight 140.18 
Specific Gravity at 20/20°C. 1.0986 
Weight per gale at 20°C. Ibs. 9.11 
Coefficient Expansion at 20°C. 0.000079 per °C. 
Coefficient of Expansion at 55°C. 0.000081 per °C. 
Boiling Point at 760 mm. Hg. 227°C. 
Flash Point, open cup tester 235°C. 
Vapor Pressure at 20°C. 0.1 mm. H 


Reid Bomb vapor pressure, 100°F. 
Freezing Point 


Solubility in Water at 20°C. 18.3% by wt. 
Solubility of Water in, at 20°C. 9.5% by wt 
Viscosity at 20°C. 7.77 
Refractive Index, np at 20°C. 1.47, 
Epoxide Equivalent 74-78 
(grams resin containing one 
pride) 
Unox Epoxide 207 
Molecular Weight 164.21 
Appearance White powder 
Density at 25°C. 1.331 gram/ml. 
Melting Point 184°C. 
Solubilities at 25°C. in 
Water 1.4 wt.% 
Acetone 44.7 wt. % 
Benzene 48.4 wt. % 
Ethyl Ether 18.7 wt. % 
Heptane L.7 wt. % 
Methanol 18.6 wt. 
Carbon Tetrachloride 23.1 wt. % 
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pis 
Less than | psi absolute ; 
Sets to glass below —55°C. 


Process gases, unlike many other raw ma- 
terials and intermediates, can’t often be seen. 
But you can always tell where they are used 
by the way things happen . . . for more and 
more of these gases are being considered as 
basic utilities for new or improved chemi- 
cal processes. 


The chemical industry today takes advan- 
tage of a wide array of gases produced or 
— by low temperature techniques. 

hese include oxygen, nitrogen, argon, syn- 
thesis gas, ethylene, methane, HC], CO... 
and most recently, liquid hydrogen and 


How to know a good thing when you can’t see rt 


liquid helium. Air Products is supplying 
many of them in tonnage quantities to 
process plants of many types across the 
nation . . . delivers gaseous or liquefied forms 
to each customer in the way that suits him 


best—from a generating plant right at the 
point of use, or hauled in from a central plant. 


Exciting new prospects loom for the chemical 
industry through continuing developments 
by Air Products researchers. We're ready 
with facts, figures and recommendations that 
should be profitable to you. Air Products, 
Inc., Allentown, Pa. 


INCORPORATED 


For more information, turn to Data Service card, circle No. 13 
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for minimum volume gas users . se, 
completely packaged gas generator that will produce alf the gas 
you want, when you want it, at lowest possible costs. Even 
minimum gas users have found they can amortize the cost of an 
efficient Gas Atmospheres system over a few short months. 

Gas Atmospheres builds factory assembled and tested pack- 
aged units for the production of reducing, nitrogen, carbon 
dioxide, hydrogen, inert and annealing atmospheres for use in 
the metal, food, petroleum and chemical industries—from 50 
cfh to 50,000 cfh. If you use gas why not make certain you have 
the most efficient operation possible. Call in your Gas Atmos- 
pheres engineer today or write direct to Gas Atmospheres, Inc., 
3855 West 150th Street, Cleveland 11, Ohio. 


THE NATION'S LARGEST 


MANUFACTURER OF PACKAGED 


GAS GENERATOR SYSTEMS 


Flakice Icing Sistema 
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For more information, turn to Data Service card, circle No. 58 
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Catwalk at Carbide’s Institute, W. Va., 
peracetic and plant. 


nol-A-epichlorhydrin types. A diepox- 
ide, 206 reduces the viscosity of 
epoxy resins without degrading other 
important properties. In the synthesis 
of epoxy resins, 206 acts as a solvent 
for solid anhydride and, on heatin 
with a catalyst, reacts to form na 
plastics with high heat resistance. 
(The epoxycyclohexan group in the 
epoxide is reactive under acid condi- 
tions, whereas the epoxyethy] group is 
reactive under basic conditions). 


High-temperature properties 

Type 207, says Carbide, forms 
epoxy plastics with good high-tem- 
perature physical and electrical 
erties. It can be converted seaiby to 
a “B” stage resin in either a solvent 
or dry powder form; a shelf life of 
more than six months is claimed. 
Such stable “B” stage resins are suited 
for impregnating glass fibers and for 
subsequent lamination. Other applica- 
tions include adhesives for grinding 
wheels and brake linings, molding, 
fluidized-bed coating, and high-tem- 
perature encapsulation and tooling. 
Future applications are also seen in 
plasticizers, protective coatings, and a 
variety of plastics. # 


Stepped up research on fluorine poly- 
mers, thermally stable fluids, and re- 
fractory metals at Allied Chemical 
has dictated an expansion which will 
double the lab facilities of its General 
Chemical Division near Morristown, 
N.J. Construction of the additional 
facilities is due to be completed at 
the end of 1961. 
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on a full Pfaudler 
Glasteel reae 


“Off-the-shelf delivery” is our term 
for these completely assembled lab, 
ee plant and production-size Pfaud- 

r® Glasteel reactors. All are pre- 
stocked for a quick, ten-day delivery 
after receipt of your order. 


Check your requirements against 
these specifications: 


Pfaudier “P” Series Reactors 
30-gallon (30 p.s.i. h. 
motor, agitator speed 50-300 RP 
50-gallon (25 p.s.i. 1% h. 
motor, agitator speed 50-300 RPM 
100-gallon (25 p.s.i. internal); 2 h.p. 
motor; agitator ot nee R PM 
All are clamped-top jacketed, 
and have the fo «tee ah ym ard legs, 
Teflon-enveloped gaskets, 3-blade agi- 
tator, non-metallic seal, 2.5TW vari- 
able speed drive. specifica- 
tions in Bulletin 9. 


Pfaudier Series Reactors 
— allon, 3TW variable speed drive, 
\P. motor, agitator speed 50-165 

RP 

300-gallon 4TW variable speed drive, 
7% h.p. motor, agitator speed 32- 
150 RPM 

500-gallon, 4TW variable speed drive, 
7% h.p. motor, agitator speed 32- 
150 RPM 

All are clamped-top type, jacketed, and 

have maximum internal pressure of 25 

psd. , code approved for meg jacket, 
flanged outlet, standard legs, Teflon- 

enveloped gaskets, 3-blade impeller, 

rotary seal, upward deflectin files 
set low, jacket safety valve. Complete 

specifications in Bulletin 971. 


Pfaudier “RA” Series Reactors 

500-gallon, 4TW drive, 3” rotary seal, 
5 h.p. motor, 117 RPM 

750-galion, 5TW drive, 3%” rotary 


PFAUDLER PERMUTIT inc. 


rs 


seal, 7% h. 90 RPM 
1000-gallon, 5 drive, 10 h.p. motor, 
2000-gallon, BH-30 drive, 15 hp. 

motor, 120 RPM 
All are one-piece, jacketed and have 
maximum internal pressure of 100 
ow Teflon-enveloped gaskets, 3- 
blade impeller, 

ie set low. Complete speci; ions 

in Bulletin 988. 


Other standard reactors 

The standard line of Glasteel reactors 
ranges from 1 to 4000 gallons with a 
choice of 29 different models. Normal 
delivery quoted, except as outlined 
above. 

Write now for the individual bulle- 
tins listed and/or for a summary “spec” 
-_ rice sheet. Address inquiries to 

faudier Division, Dept. CEP-70, 
3, N.Y. 


*FLUIDICS is the Pfaudler Permutit 
program that integrates knowledge, 
—— and experience in solving 


the science of fluid processes ms involving fluids. 


Specialists in FLUIDICS... 
For more information, turn to Data Service card, Circle No. 129 
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dependability 


pumps 


mm Weinman general service Uni- 
pump for 
from 10 to 2 GPM 


Your chemical processing system is only as good as its pump. 
And, if you pump from 10 to 2000 GPM there’s a Weinman 
Centrifugal Pump designed to handle the volume with low cost, 
round-the-clock precision. 

Designed to handle any pumping job with speed and efficiency, 
Weinman’s single-stage, end-suction centrifugal pumps are also 
available with special metals for maximum resistance to chemical 
corrosive action. Hand finishing of the impeller interior com- 
bined with a streamlined volute for fast, efficient pumping per- 
formance. Simple design and rugged construction affords years 
of trouble-free service under the toughest conditions. One piece 
power frame, large steel shaft and oversized ball bearings han- 
dle radial and thrust loads easily. Routine maintenance is accom- 
plished quickly. And, in addition, Weinman manufactures a 
complete line of general service Unipumps for top efficiency in 
pumping non-caustic liquids. 

For complete information on all Weinman Pumps write to- 
day. Or, check the Yellow Pages for your nearest Weinman 
Specialist and get expert advice right on the job. 


WEINMAN PUMP: 


T 
SPRUCE STREET COLUMBUS 15, OHIO 


mem 


CENTRIFUGAL SPECIALISTS \ 


For more information, turn to Data Service card, circle No. 21 
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industrial 
news 


Esso Standard Oil and Carter Oil 
merged into the new Humble Oil & 
Refining Company. The latest move in 
a large scale merger program provides 
that both Esso Standard and Carter 
will operate as divisions of the Hum- 
ble Company. 


Construction of an anhydrous hydro- 
fluoric acid plant is next on the 
agenda at Dixon Chemical’s Pauls- 
boro, N. J. site. A continuous process 
developed by Buss, Ltd. Swiss en- 
gineering concern, will be used. A 
survey of research projects in the 
field of air pollution is now being 
taken. Questionnaires asking for infor- 
mation have been setn out by ASME 
to as many groups as possible that 
were actively engaged in air pollution 
research during 1959. The survey will 
include both the organization and the 
researcher. Groups that wish to be 
included are asked to contact Austin 
Heller, chairman, Task Group Air 
Pollution Research, American Society 
of Mechanical Engineers, 29 West 
39th Street, New York 18, New York. 


In the Chicago Sanitary District's new 
Zimmerman Process sewage sludge 
i Plant, a systems engineering 
je a has been awarded by Salvo 
Chemical (Sterling Drug) to Panellit 
Service Corporation. The contract in- 
volves the automatic control of the 
air-sludge mixture through 4 reactors 
processing 200 tons a day. 


Polypropylene film for packaging 
applications is now produced com- 
mercially by AviSun at its New Castle, 
Delaware, facilities. The plant makes 
10 million pounds a year, film from 
one four mils for general 
packaging use, and sheets from four to 
twenty mil thickness for thermoform- 


ing. 
Three maj t acquisitions are 

to $10 million. Chemo Puro 
Manufacturing, Oil & Chemical Ter- 
minals and Oil & Chemical Products 
Asphalt Division, all of Newark, New 
Jersey, were involved. Also acquired 
was Chemco Puro AG, European sales 
organization. 


A third major expansion of isocyanate 
facilities is aneunp at Mobay Chem- 
ical. Company’s annual capacity will 
be raised to over 25 million pounds 
for tolylene anate when new 
facilities are completed in late 1960. 


For more information, circle No. 137 > 
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Should Process Piant 
Cooling Systems Use.. 


AIR 


HUDSON SOLO-AIRE UNITS 


HUDSON COOLING TOWERS 


or a combination of 
AIR AND WATER —— 


HUDSON COMBIN-AIRE UNITS 


The answer is found only through comparisons of economics of air, water or a combination of the two 
for cooling each process stream, and incorporating the results in one integrated cooling system. Factors 
to be considered include desired effluent temperature of each process stream; summer and winter ambient 
dry and wet bulb temperatures; availability and quality of water; possibility of public water pollution; 
space available; and first cost, maintenance cost, and operating cost of equipment. 

HUDSON is unique in supplying water cooling towers, Solo-aire units, and Combin-aire units to com- 
prise integrated cooling systems utilizing air and water in economic ratios. With the collaboration of 
owners’ engineers, HUDSON has designed integrated cooling systems for a wide range of process and 
climatic conditions. Hundreds of HUDSON installations are operating in the United States, Ireland, 
England, France, Spain, Norway, Saudi Arabia, Pakistan, the Philippines, Mexico, Chile, Peru, Vene- 
zuela, and Canada. HUDSON experience, available without obligation in integrating the cooling system 
with process design, will be most valuable to plant owners if utilized during planning stages. 

In early design stages of future projects let HUDSON collaborate with your engineers in selecting the 
integrated cooling system which best balances capital investment and operating cost for the specific 


process, climatic and water conditions. 


ONLY HUDSON ENGINEERING CORPORATION 
OFFERS ALL TYPES OF COOLING EQUIPMENT 


FAIRVIEW STATION * HOUSTON, TEXAS 


FFICES 16033 Ventura Bivd. 122 East 42nd St. 199 Bay Street e Stratton St., Picadilly Corrientes 1115 Rua Mexico 45 
OFFICES: Encino, California New York 17, N. Y. Toronto, Ontario, Canado London W. 1, England s Aires, Argen Rio de Janeiro, Brazil 
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ENGINEERING PERSPECTIVE 
THROUGH A 


Venturi tubes were first used for measuring fluid 


flow. While this application has increased substantially, d 


the use of the Venturi in important unit process 


operations has increased even more. A Jet-Venturi 


combination is literally the heart of many important 


manufacturing processes. 


During the first several years of the 
forty-two year history of our firm, we 
specialized entirely on steam jet vacuum 
pumps (ejectors). Many thousands of these 
are in service throughout the country and 
in most foreign countries. Our tradename, 


EVACTOR, is an important word in 
engineering circles. While steam jet vacuum JET CONDENSERS 


pumps are still our major item, other JET HEATERS 


applications of Jet-Venturi equipment are JET PUMPS 
increasing constantly. With the exception 
of closely related products such as JET MIXERS 


JET REFRIGERATION 
JET COMPRESSORS 


barometric condensers, CHILL-VACTORS, JET REACTORS 

and CON VACTOR * systems, all of our activity 

is directed to the one purpose of making JET ABSORBERS . } 
Jet-Venturi units more efficient, more JET FUME SCRUBBERS 

dependable, more economical, and to apply SPECIAL JET VENTURI UNITS 


them to an increasing number of 
industrial applications. 


*The CONVACTOR is a dual condensing 
system for economic and efficient recovery of high 
boiling components from water vapor. 


Cro l-Rey INC. 


Main Office: 751 Central Avenue, Westfield, N. J. New York Office: 17 John Street, N.Y. 38. N. ¥. 


CHILL-VACTORS * STEAM-JET EVACTORS * AQUA-VACTORS + FUME SCRUBBERS SPECIAL JET APPARATUS 


For more information, turn to Data Service card, Circle No. 31 
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HI-TEMPERATURE 
LO-PRESSURE 


liquid phase 
heat transfer systems 


equipment 
—You need close temperature control and 

safe, automatic operation at 

reasonable 


a —Your product temperature require- 
ments are high 
—You want to avoid high pressure 


cost... 


«++.» You should consider a space saving, all electric, Merrill Proc- 
ess System. Heating mediums can be Oil, Aroclor@ or Dowtherm®. 

A twist of the wrist puts these systems into operation—and they 
will hold fluid temperatures to within +2°F. within the range of 
200-600°F. 

Heat exchangers can be factory mounted and piped when a 
cooling cycle is required. 

Dual systems are available having two completely independent 
circuits with separate control systems providing heating and /or 
cooling in sequence, simultaneously, or in any combination in the 
same unit. 

Low watt density finned heating elements protect the heating 
medium and are readily accessible for routine maintenance. Relief 
valves, limit switches and positive displacement pumps assure safe, 
dependable operation. An expansion tank, vented to atmosphere, 
precludes contact of air with the circulating medium and prevents 
pressure build-up. 

All of the Electric Merrill Process Systems have push button 
operation from a single control center. 

Capacity of available systems ranges from 25,000 Btu/hr. to 
$00,000 Btu /hr. or up to limits of available power. Heating elements 
wired for 230-3-60 only in Pilot Plant series to 100,000 Btu/hr., 
— or 550-3-60 in larger units. Control circuit is for 
110V 60. 


Write for Bulletin 597 giving details of the Pilot Plant Series 
or send us your req 


Parks-Cramer Company 


FITCHBURG 6, MASS. 


For more information, turn to Data Service card, circle No. 42 
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MIST ELIMINATORS 


... the First name in knitted wire entrainment separators! 


FIRST with strip-type construction 
FIRST with wound-type construction 
FIRST with Hi-Thruput® mesh 
FIRST with fiberglas coalescers 
FIRST with all-metal coalescers 
FIRST with polyethylene 

NOW FIRST with Teflon’ 


Since 1943, when it first introduced knitted wire entrainment 
separators — Metal Textile has been consistently first in introduc- 
ing new developments to the field. In response to requests from 
chemical and processing engineers throughout industry—Metex 
engineers have utilized new materials...developed special meshes 
... initiated revolutionary techniques to provide low-cost, high- 
efficiency answers to the most complex entrainment problems. 
Your specific needs can be similarly solved. Our engineers, backed 
by the most extensive research and production facilities in the 
field, will be glad to recommend the type of Metex Mist Eliminator 
and method of installation best suited to your particular operat- 
ing conditions. For latest design guides, write or call for Bulletin 
ME-9: Metal Textile Corporation, Roselle, New Jersey. 


38’ dia. Metex Hi-Thruput Mist Eliminator for world’s largest vacuum pipe still. 


METAL TEXTILE CORPORATION 


... world’s largest and oldest producer of knitted wire products 
A DIVISION OF GENERAL CABLE CORPORATION 


Fer more information, turn to Data Service card, circle No. 17 
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AEC using P-K Heat Exchanger. This PK Heat 
Exchonger runs 24 hours a day, 5 to 7 days o week, 
ot the Uranium Processing Plant at Weldon Spring. 
Mo., operated for the AEC by Mallinckrodt Chemical 
Works. Although ploced in operation in April 1958, 
and handling highly corrosive hydrofluoric acid at 
temperatures above 300°F., this two-pass shell ond 
tube type unit hos never once required maintenance 


Select the Front Head you want, from 
the FH group. Add the Shell Section 
you want, from the SS group. Add 
the Rear Head you want, from the 
RH group. 

Follow these three simple steps and 
the formula above enables you to 
select the “designed” heat exchanger 
that meets your requirements. 


As you can see, the two pages at left 
from the new P-K Heat Exchanger 
Manual provide a master coding 
index. This makes it possible to 


rapidly survey and specify the stand- 
ard interchangeable components 
available from P-K. Succeeding pages 
treat design features of each com- 
ponent in detail and save you time 
when you want to determine their 
suitability for your application. 


Suppose, for example you want an 
exchanger with the following: front 
head bonnet, multi-pass, radial] 
flanged connections; shell section 
with straight tube floating head, and 
pull through removable bundle con- 
struction ; straight tube floating rear 
head, pull through removable bundle 
and shell cover plate, with multiple 
pass. Consult your P-K Manual, pages 
b-1 through b-18. Then specify 
FH-10+SS-10+RH-14. 


Clear, parallel picturization of 
standard gasket joints, tube pass par- 
titions, shell baffles and other com- 
ponents simplifies the underlying 
details of designs. 


Other sections of the manual stand- 
ardize terminology, review funda- 
mentals of heat transfer and design, 
even discuss economic considerations. 


Since available copies of the new 
P-K Heat Exchanger Manual are 
limited in number, they are reserved 
primarily for those in the process 
industries who can most profitably 
use the information. If you design or 
specify heat exchangers, write us on 
your company letterhead, outlining 
briefly the areas of your interest. A 
few copies are available to students 
and non-technical personnel at a 
nominal charge. The Patterson-Kelley 
Co., Inc., 115 Burson Street, East 
Stroudsburg, Pa. 


MANUAL HELPS YOU SELECT YOUR HEAT EXCHANGER 


Patterson (ue) Kelley 


Heat Exchanger 
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equipment 
feature 


New design chlorine bleaching tower 


Increased brightness, reduced color reversion, decreased cost 
of chemicals demonstrated by new Dorr-Oliver tower at Pot- 
latch Forrests, Inc., Lewiston, Idaho. 


First INSTALLATION of a new Dorr- 
Oliver bleaching tower design is in 
successful operation at the pulp mill 
of Potlatch Forrests, Inc., in Lewis- 
ton, Idaho. 

The standard bleaching tower unit 
offered by Dorr-Oliver (Figure 1), 
consists of external heater-mixer, thick 
stock pump and ClO, mixer, an inner 
“upflow” tower with a “plumb-bob” 
distributor, and an outer “downflow” 
cylinder including dilution, neutraliz- 
ing, circulation, and discharge equip- 
ment. The compact concentric design, 
claims Dorr-Oliver, eliminates need to 
mount equipment above the tower, 
while the low diameter: height ratio 
limits the surface area and, as a re- 
sult, reduces the heat loss. 


Operation 

Chlorine dioxide is introduced into 
the pulp at the base of the tower, 
where the mixture is kept under hy- 
drostatic pressure for approximately 
an hour. By the time the pulp is dis- 


woter seal 


tributed over the circular top weir, 
G0% of the chlorine has been con- 
sumed, thus reducing Cl0, losses and 
puffs. The “plumb-bob” distributor 
spreads the pulp uniformly into the 
annular downflow section. 

Retention time in the downflow 
section. 

Retention time in the downflow 
phase can be varied to meet changes 
in pulp and tonnage requirements, 
and to provide continuous control of 
the reaction. Dilution, neutralization, 
and repulping are carried out in the 
bottom zone of the annular downflow 
section. Retention time and other con- 
trolling factors in the treatment can 
be held constant for almost all the 
pulp through draw-down, in the event 
of shut-down or change of pulp 
grade. 

The new design is being offered by 
Dorr-Oliver in capacities from 100 to 
800 tons per day. It is stated to be 
suitable for erection either indoors, or 


thin stock zone 
dilution and neutralizing 
nozzies 


Schematic cut-away diagram of Dorr-Oliver chlorine dioxide bleach 


tower. 
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out, and to be fully compatible with 
normal flow sheets for kraft produc- 
tion systems i ating one or more 
chlorine dioxide Heaching stages. 
Potiatch Forrests installation 
The Problem—Increased bleaching 
uirements at the Potlatch Forrests 
demanded increased retention 
time in the chlorine dioxide stage: en- 
ineering considerations set this reten- 
tion time at 5 hours. Five hours re- 
tention time for 700 tons per day of 
pulp required an exceedingly large 
tower. A high-density upflow tower 
was designed using a conical inlet 
with a 60° included angle. Going to 
the maximum practical diameter of 20 
feet, the tower was 130 feet high, ex- 
cluding the launder arrangement at 
the top. Difficulties, however, were 
many: 
¢ It was not certain that an exist- 
ing thick stock pump would handle 
Mead ag per day against the 130 foot 


* The tower would be costly due to 
the amount of steel and brick in- 
volved; 

Foundation requirements involved 
distributing the ‘oad over a 30 foot- 
diameter base; 

* Compressive stresses on the brick 
lining were considerable; 

° would be difficult since 
the top of the tower could not be 

by the existing yard crane. 

A conventional upflow-downflow 
chlorine dioxide bleach tower was also 
considered. By maintaining a tower 
diameter in the upflow section of ap- 
proximately 10 feet, there was no 
question about a uniform flow up the 
pre-retention tube. The downflow 
tower would be 20 feet in diameter, 
the maximum to assure relatively uni- 
form discharge by a conventional cir- 
culator and dilution nozzle arrange- 
ment. One advantage of this design 
would be that the tower could rest 
directly on the foundation paa; a sec- 

continued on page 130 
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With this wide choice of mate- 
rials — valve body and resilient 
plug facing — DeZurik Valves can 
be “custom-made” for almost any 
chemical service line. Whether it's 
corrosive or erosive ... . @ liquid, 
slurry or gas... . chances are you 
can “build a DeZurik Valve to 
handle it better — longer! 


In addition to the materials listed above, DeZurik Valves are also available with Hard Rubber 
Lining or Soft Rubber Lining for extra resistance to abrasive or corrosive services, or Plastic Coatec 
for low-cost corrosion resistance. 


DeZurik Valves are available in sizes '/” thru 24” 
and with a complete line of automatic actuators. 
For more details, see the DeZurik representative 


in your area, or write \ tn | CORPORATION 


For more information, turn to Data Service card, circle No. 15 
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Bleach tower 


from page 128 


ond that the dilution zone in the base 
of the tower would provide a reten- 
tion period where the neutralizing 
agent could be added, prior to pump- 
ing the stock to the washer. 

owever, this tower also required 
an over-all height of approximately 
130 feet. Estimated lining costs were 


You'll want the “low-down” tre se 


on how to The sohton 


in solving the special prob- 
i lems by the previously consid- 
f with DOYLE & ROTH'S cred designs: 

; ¢ An upflow center tower, 13 feet 
in diameter, with conical inlet section, 
does not pose channeling problems; 

¢ An inner tower height of 65 feet 
is within the range of the existing 
thick stock pump; 

¢ The weal tower height of 78 
feet permits use of existing yard 
equipment for erection and mainte- 
nance. 
The upflow inner tower of the D-O 
installation at Potlatch Forrests pro- 
vides one full hour of retention for a 
rate of 700 tons per day; this reduces 
the partial pressure of chlorine di- 
oxide in the vapor phase at the top of 
the tower. A distributing device trans- 
fers stock to the outer downflow 
tower. Inside diameter of the down- 
flow outer tower is 30 feet and, when 
operated at its normal level, provides 
a full 4-hour retention time above the 
dilution zone. Retention time can be 


djusted lling the pulp level. 
STANDARDIZED _ | ty comming pup ive 


uipped 
with 10 standard dilution Mb , and 


for Quick Delivery 

4 Best laid plans for the perros of a new plant or Bleaching at Potlatch Forrests . 
= expansion of present facilities are better when you i i 

count Doyle 3 Roth in from the start. There’s a Se 

remarkable selection of D. & R. Heat Transfer Equip- end to temperatere of 160- 

“| ment available for every planning and installation 170°F. The stock aban from the * 
i problem. Time and money can be saved by Placin heater-mixer into an Impco thick stock 

re complete responsibility with D. & R. for execution an pump. Chlorine dioxide bleach liquor 

‘i delivery of all items of tubular equipment. at a concentration of 10.0-10.25 grams 


per liter is added to the stock before 


the stock is delivered to the D ) 


bleach tower. 
“eh felling CO. INC Before the stock enters the tower, 


136-50 TWENTY-FOURTH STREET. BROOKLYN 32, Y. the cil 
lution to 3.5. The final pH of the 
stock delivered to the washer is con- 

continued on page 132 
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MATHESON 


Compressed Gas Notes 


Uses of Anhydrous Ammonia in the Laboratory 


Ammonia is a highly reactive, associ- 
ated, and stable chemical decomposing 
at atmospheric pressure at temperatures 
of 450-500°C. Extensive references to 
its reactions are available in the tech- 
nical and patent literature. 


At room temperature and atmospheric 
—— ammonia is a colorless, alka- 

ine gas, lighter than air, having a pun- 
gent odor. It is readily liquefied on it 
is shipped in steel cylinders as a lique- 
fied gas (B.P.-33.35°C.) under its own 
vapor pressure of 114 p.s.ig. at 70°F. 


As a liquid, ammonia, like water, is an 
important ionizing solvent and has been 
one of the most comprehensively studied 
nonaqueous solvents. 


Ammonia is toxic, but its odor and ir- 
ritating action on the eyes provide 
ample warning of its presence. It is best 
handled in a hood with forced ventila- 
tion, using appropriate protective equip- 
ment. 


Some of the important uses of gaseous 
and liquid ammonia in organic and in- 
organic chemistry are as follows: 


Uses in Organic Chemistry 


Liquid or gaseous (in solvents) am- 
monia is widely used in the ammonoly- 
sis of esters, acid anhydrides, and acyl 
and sulfonyl halides and in the re- 
Ean y ammonolysis of halogen, 
ydroxyl, sulfonic acid, and labile nitro 
groups; amides and amino compounds 
are formed depending on the compound 
being reacted. Liquid ammonia is also 
used as a solvent for alkylations and 
dehydrohalogenations with i 
Aldehydes and epoxy com 

ammonia directly. Aldehydes and 
tones are converted to amines by re- 
ductive amination. Aldoses are con- 
verted by ammonia into aldoseamines. 


Uses in Inorganic Chemistry 


The alkali metals dissolve readily in 
liquid ammonia in the absence of cata- 
lysts; the alkaline earth metals also 
issolve but to a smaller extent. Am- 
monium salts, free elements, hydrides, 
halides, and cyanides, oxides and sul- 
fides undergo reduction by metals in 
liquid ammonia. Acid-base reactions, 
involving ammonium salts, and amides, 
imides and nitrides, occur in liquid 
ammonia. Many inorganic salts undergo 
ammonolysis in gaseous or liquid am- 
monia. 


Compressed Gases and Regulators East Rutherford, N. J. 


Ammonia Cylinders 


Cylinders containing 15 lbs. or more of 
ammonia are equipped with eductor 
tubes to allow withdrawal of liquid am- 
monia by placing the cylinder in a 
horizontal position with the valve out- 
let up. 

Gaseous ammonia is obtained by with- 
drawing the contents with the cylinder 
standing in a normal, vertical position. 
Small cylinders containing less than 15 
Ibs. of oa must be inverted to 
obtain liquid 


Controls 


The Matheson Company, Inc. supplies 
a variety of controls and accessories 
to make the handling of either gaseous 
or liquid ammonia safe and simple. 


Automatic regulator No. 12-240 will 
allow the controlled delivery of gaseous 
ammonia over a pressure range of 2-50 
p.s.i.g., and higher, if necessary. This 
regulator is constructed with a sturdy 
aluminum body, stainless steel internal 

rts, and a butyl rubber diaphragm 
or sensitive pressure control. 


Manual flow control of either liquid or 
gaseous ammonia can be accomplished 
by the use of a No. 51-240 valve avail- 
able with a variety of outlet types to 
simplify hook-ups to flexible tubing or 
pipe. Valve outlet No. 240 is described 
in our Cylinder Valve Outlet Bulletin, 
available on request. 


Special reinforced, heavy duty, neo- 
prene lined hoses for use specifically 
with ammonia are available in different 


lengths. 


Send for the new Matheson Gas Price 
List describing the above equipment, 
lus additional controls and accessories 
or whee ony our 85 different compressed 
The same catalog gives full in- 
Lometion and prices on all 85 gases. 


Please send the following: 


The Maiheson Company, Inc., P.O. Box 85, E. Rutherford, N.J. 


© New Matheson Gas Catalog [) Cylinder Valve Outlet Bulletin 
© Wall Chart: ‘Safe Handling of Compressed Gases"’ 


The Matheson Company, Inc. 


Joliet, Ill. Newark, Calif. 


For more information, turn to Data Service card, Circle No. 100 
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Bleach tower 
from page 130 


trolled at 7.0 by caustic added with 
the ring dilution water. 

Chlorine dioxide consumption aver- 
ages 0.6% or 12 pounds per ton of 
pulp. Final brightness is 86-88 CE. 
According to Potlatch engineers, an 
increase in the ClO, bleach retention 
time from 1% hour to 5 hours, coupled 
with use of the new design tower, has 
resulted in increased brightness, re- 
duced color reversion, decreased cost 
of chemicals. 


Nore: Details of the tower installa- 
tion at Potlatch Forrests, Inc. are from 
a paper by D. T. Keller, Potlatch 
Forrests, and W. Christiani, Dorr- 
Oliver, Inc., presented before the 
Paper Industry Management Associa- 
tion at San Francisco, June 8, 1960. 


A new urea plant in Portugal will 
preduce 40,000 metric tons annually. 
Under an agreement between Monte- 
catini and Uniao Fabril do Azoto of 
Portugal, the plant will be constructed 
near Barreiro, on the Ta River. 
by Kellogg, the facility 
wil 


at incorporate the most up-to-date 
a technology of the Fauser-Montecatini 


and 


process, total recycle in the liquid 
af phase. This allows full utilization of 
,e a the ammonia feed in the formation 
Can profit you! | cow ot 
will double Oronite Chemical’s capa~ 
city. Growing demand in the lubricat~ 
I : y . ing oil additive field is a factor in 
t’s true. In-process viscosity measurement is the most direct progress the expansion of two existing plants 
report of many chemical reactions that you can obtain. In polymerization at the refinery, will make Oronite one 
reactions, for example, Brookfield process-mounted Viscometran units of the world’s largest producers of 
eliminate the need for constant sampling, assure greater product uni- polybutene, the company says. 
formity and guard against run-away reactions. A broader line of alkylated phenot 
will be produced at Koppers’ ex- 
Like color, pH and stability the viscosity of any material is a vital prop- panded Oil City, Pa., plant. Among 
erty, a fundamental measurement, which can be easily and accurately the new products are: paraterti 


evaluated and controlled with low-investment Brookfield instrumentation. butyl phenol, paratertiary amyl- 
phenol, amyl-phenol, dibutyl phenol. 


If you would like to know more about the A 3,500 barrels a day naphtha hydro- 
profitable role of viscosity control in your desulfurization unit to be erected at 
processes, write today for complete technical British American Oil's refinery at Cal- 


information. There is no obligation. gary, Alberta, Canada, will be en- 
gineered by the Fluor Corp. Comple- 


THE WORLD'S STANDARD FOR VISCOSITY tion is slated for September. 


MEASUREMENT AND CONTROL Production of pyromellitic acid and 
pyromellitic dianhydride has started 


° at Du Pont’s multi-million pound a 

TO VA year unit at the Repauno Works, 
Gibbstown, N.J. Commercial produc- 

tion h d ibl ice reduc- 
ENGINEERING LABORATORIES, INCORPORATED PMA $2. to 85¢ 2 
STOUGHTON 38. MASSACHUSETTS nd, and from $3 to $1 a pound 


or PMDA. 


For more information, turn to Data Service card, circle No. 1 
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’ \ Bird Continuous Solid Bow! Centrifugals / 
come in 7 sizes, each with a great many design 
variations to meet a wide range of product 
and process needs. Shown is the largest 
(54 in. bow! dia.) for ton-a-minute de- 
livery of well dewatered so.ids. 


Bird-Humboldt Oscillating Screen 
Centrifuges dewater coarse solids 
(+65 mesh) with almost no degradation 
or loss of solids. Screens last 

thousands of hours. Power cost 


| SIX WAYS 
SEPARATE 


Bird-Young Rotary Drum Vacuum 
Filters cre of unique design providing 
several times the usual capacity per foot 
of filter area, super-efficient wash, 
sharp wash separations and fume- 

tight operation when desired. 


Bird Pressure Leaf Filters provide 
rugged construction, large sustained filter 
area, high rate of flow, high working 
pressures (up to 75 psi standard, 

250 psi special). They are custom 

built for the job —- of corrosion 


\ Bird Suspended Batch Centrifuges 
\ ore for heavy duty service. They come 


with 26”, 40” or 48” basket, 


perforate or imperforate. All 
resistant alloys or with special 4 \ kinds of auxiliaries are availabe, 
linings; insulated; steam \ also fume-tight or explosion 
jacketed; in a wide / proof construction. 
range of sizes. 4 \ 


Bird-Prayon Tilting Pan Rotary Vacuum Filters com- 

bine great capacity range with most effective, sasege 

washing, constant high output ond i ' \ 
ne cost. They are ideal for handling materials that cannot be \ 
‘ picked up by a drum or disc filter. \ 


/ \ 


Let the Bird Research and Development Center help you find out. Here, under 
, one roof, is a completely equipped and staffed, pilot-scale test plant con- 
centrating exclusively on solid-liquid separating problems. 


Bird builds the most comprehensive range of solid-liquid separating equip- 
ment, is therefore in a position to fit the machine to the job — not the job 
to the machine. 


§QOUTH WALPOLE, MASSACHUSE 

' EVANSTON, ILL. - ATLANTA, GA. - HUNTINGTON, W. VA. 

MACHINE COMPANY a LA PORTE, TE 

For more information, turn to Data Service card, circle No. 45 
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AE 


TYPE 


e Easily Cleaned 
e High Heat Transfer 


Completely drainable and easily cleaned, Aerofin Type 
“R” coils are specially designed for installations where 
frequent mechanical cleaning of the inside of the tubes is 
required. 

The use of 5%” O.D. tubes permits the coil to drain 
completely through the water and drain connections and, 
in installations where sediment is a problem, the coil can 
be pitched in either direction. The simple removal of a 
single gasketed plate at each end of the coil exposes every 
tube, and makes thorough cleaning possible from either end. 


The finned tubes are staggered in the direction of air 
flow, resulting in maximum heat transfer. Casings are 
standardized for easy installation. 


Write for Bulletin No. R-50 


A EROFIN Coreorarion 


Removable-Header 


WATER COILS 
e Complete Drainability 


101 Greenway Ave., Syracuse 3, N.Y. 
Aerofin is sold only by manufacturers of fan system apparatus. List on request. 


For more information, turn to Data Service card, circle No. 127 
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news 


Fertilizer output 
up at Olin Mathieson, 
Calspray 


Addition to high analysis unit 
boosts Olin Mathieson production 
by 40%. $5 million complex on- 
stream at Calspray. 


PRODUCTION IN ONE of the world’s 
largest high-analysis fertilizer plants 
began when a newly constructed ad- 
dition to Olin Mathieson’s Pasadena, 
Texas, unit went on stream. The $1,- 
500,000 addition gives the facility a 
capacity of more than a ton of pellet- 
ized fertilizer a minute—a 40 percent 
gain over former output. 

Completion of the added unit re- 
flects the recent growth in use of 
high-analysis fertilizers. In 1949, they 
accounted for 12 percent of all fer- 
tilizer used. Last year in the United 
States 41 percent of a total of 25 
million tons of fertilizer was high 
analysis, This included 550,000 tons 
of the ammonium phosphate type. 


High analysis fertilizer pellets are being 
dried at the rate of 150 tons an hour 
at Olin Mathieson’s Pasadena plant. 


Based on present calculations, any 
mixed fertilizer with a plant nutrient 
content totalling 30 percent is con- 
sidered high analysis. So that a fer- 
tilizer with say 12-24-12 would be 
considered high analysis, while 5-10-5 
would not. (The above code repre- 
sents the nitrogen, phosphate and 
potash percentages per hundred 
pounds, always in that order.) 

Several new grades of high analy- 
sis ammonium phosphate fertilizer 
(trade-named Ammo-Phos) have been 
added in the present plant expansion 
at Olin Mathieson, Among them are: 
15-15-15, 16-48-0, 14-28-14, 7-28-28, 
9-36-18, 13-39-13, 12-24-24. These 
grades were developed for a wide 
variety of crop and soil conditions. 

continued on page 138 
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ONLY KONTRO 


Makes BOTH these HEAT-EXCHANGE PROCESSORS 


Ag 


hi 


The centrifugally-wiped, thin-film AJUST-o-FILM 
for vacuum operations with vapor removal 


UNUSUALLY HIGH HEAT TRANSFER for such 
operations 

QUICK THROUGHPUT TIME, ideal for heat 
sensitive products. Throughput can be varied 
as desired from a few seconds by “ajusting” 
blade clearance and feed rate 

HIGH or LOW VISCOSITY materials processed 
in a single, positive short-time pass 
UNLIMITED CONCENTRATION, distillation or 
evaporation 

ROTOR BLADE CLEARANCE “AJUSTED” easily 
through exclusive topered* design, for highest 
quality, thermal and power performance 

NO “BURN-ON” becouse ossured turbulence 
throughout prevents dry spots 


ne 


and the scraped-surface THERMALIZER 

% for heat exchange or chemical reactions 

: under ‘pressure, with no vapor removal 

7 HIGH HEAT TRANSFER with either high or lov viscosity products 

ik SHORT HOLD-UP TIME, ideal for heat sensitive materials. Hold-up time 

ti, controlled by regulating feed rate 

4 NO “BURN-ON” because of unique positive scraping action 

al SMOOTH HEAT TRANSFER WALL, usually honed, and chrome-plated for 
weor resistance, when practical 

F EXTERNAL COOLED ROLLER BEARINGS and lubricated double face seals, 
pressurized when necessary 


Advantages of Scraped Surface ‘Thermaliwr 
for beating aqueous materials without evaporation 


3 


Both these KONTRO Heat Exchange Processors achieve wide 

throughput variations with equal quality. External cooled 

roller bearings and lubricated double mechanical! face seals 

fe at both ends of rotor. Either machine is available for hori- 

2s zontal or vertical mounting, and for varying capacities and 

js ™ temperatures. Manufactured to your specifications in any 
0 designated material of construction. 


Write for information on relative performance 

of borizontal and vertical wiped film processors ra P 

The Kontro Company. Inc. he 
Petersham, Massachusetts 


1 


38 282 


Thermal Efficiency - % 


For more information, tum to Data Service card, circle No. 124 
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Report from American Cyanamid, Fortier Plant... 


How Cooper-Bessemer gas engine 
boost synthesis gas for ammonia 


Note that GMW design permits 
the use of compressor cylinders 
on both sides, as shown in these 
photos, resulting in unusual 
compactness and accessibility. 


| 


These photos show both sides of one of the two Cooper-Bessemer 
2500 hp GMW gas engine compressors at the Fortier Plant of 
American Cyanamid Company, Avondale, Louisiana. In the produc- 
tion of anhydrous ammonia, these 4-stage units compress 6000 cfm 
of synthesis gas from 60 psi to a discharge of 5000 psi. The left-hand 
view shows the high pressure cylinders; that on the right shows the 
low pressure side. The four stages of compression from 60 psi are 
(1) to 225 psi, (2) to 670 psi, (3) to 1500 psi, (4) to 5000 psi. 

The two units have been operating since 1954, 24 hours a day, 


340 d 
Cc oO m p ress a rs The anhydrous ammonia produced at the Fortier Plant is used 


by American Cyanamid in the manufacture of Acrylonitrile and is 


sold to fertilizer plants and other chemical companies. 

to 5 Oo oC Oo psi Find out how Cooper-Bessemer can help you plan compression and 
power facilities. Write for copy of bulletin, “Cooper-Bessemer 
Equipment for Chemical Plants.” 


BRANCH OFFICES: Grove City « New York + Washington - Gloucester 
Pittsburgh - Chicago « Minneapolis « St. Louis « Kansas City - Tulsa « New 
Orleans + Shreveport - Houston + Greggton « Dallas Odessa Pampa 
Casper + Seattle « San Francisco « Los Angeles 

SUBSIDIARIES: Cooper-Bessemer of Canada, Lid.... Edmonton 
Calgary + Toronto + Halifax + Stratford 


C-B Southern, Inc. . . . Houston 
Cooper-Bessemer International Corp....New York + Caracas « Anaco GENERAL OFFICES: MOUNT VERNON, OHIO 
Cooper-Bessemer, S.A.... Chur, Switzerland The Hague, Netherlands GAS 
Mexico City COMPRESSORS, RECIPROCATING AMO CENTRIFUGAL 


The Rotor Tool Company . . . Cleveland ENGINE TURBINE OF MOTOR DRIVEN 


For more information, turn to Data Service cord, Circle No. 32 
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For more information, turn to Data Service card, Circle No. 85 


STOCKS MOST 
ITEMS FOR 


FILPACO 


If you need quality filter materials 
= at a savings, specify “FILPACO” 
= @$ SO many processing and manu- 
= facturing firms in your industry 

are doing. 


Filter paper in complete range of 

grades available . . . samples fur- 
= nished for testing or send us your 
materials for testing. Also: filter 
cloth, cotton, wool, felt, glass, 
Orlon, Dynel, Saran, silk, Dacron, 
Polyethylene, Filyon, Nylon and 


others . . . cut and sewn to your 


required sizes and shapes. 


We monvfacture an extensive line of filters, filter mat 


Need Filter Materials NOW? 
IMMEDIATE DELIVERY! 


FILPACO 
STAINLESS 
STEEL TANKS 


. . » for storage and mixing in 
all styles . . . vertical, horizontal 
and rectangular .. . open or 
closed . . . in stock or to your 
specifications. 


ials, tanks, mi. and fillers 


FILPACO INDUSTRIES 


THE FILTER 


PAPER COMPANY 


2444 S. Michigan Avenue, Chicago 16, Illinois E 


SAFETY 


in air and 
ammonia plants 


—may save a life! This publication 
contains articles which appeared in 
CHEMICAL ENGINEERI 
RESS — plus reports on 
Symposia held in 1956, 1957, 1958. 
84 pages, paper bound. Prices: 
copies: Members, $1.50; N bers, 


AMERICAN INSTITUTE OF 
CHEMICAL ENGINEERS 
25 West 45 Street, New York 36, N. Y. 


Send ........ copies of Safety in 


$1.75; 5 or more copies, $1.25 each. 
Postage extra when payment does not 
accompany order. 


Air and Ammonia Plants to 
PRINT NAME 
G PROG. | COMPANY 
A.LCh.E. 

STREET 

14 

+ city ZONE STATE 
Member Nonmember 


Check enclosed Bill me 
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In the Ammo-Phos Process, the wet 
process is used to produce phosphoric 
acid. Then ammonia is reached with 
the phosphoric acid to produce mono- 
ammonium phosphate (Ammo-Phos 
11-48-0), or a mixture of mono-am- 
monium phosphate and ammonium 
sulfate. This produces other grades of 
Ammo-Phos, such as 16-20-0, 15-30- 
0, and 13-39-0. Potash may be added 
to make NPK grades such as Ammo- 
Phos 12-24-12, 6-24-24, and 13-13-13. 

Phosphate rock for the operation 
arrives from the Tampa, Florida, area 
via the Gulf of Mexico; ammonia 
from the company’s Lake Charles, La. 
plant, and — from New Mexico. 
The ‘arg ocation at the transporta- 
tion hub, the Houston ship channel, 
makes possible economical distribu- 
tion to midwest markets via Mis- 
sissippi, Missouri, and Ohio River 
barges. 


Calspray complex 

California Spray-Chemical has also 
thrown its hat into the ring, putting 
a $5 million complex on stream at 
Kennewick, Washington, on the 
Columbia River. This further expands 
its position as one of the largest pro- 
ducers of nitrogen fertilizers in the 
West. The new facility will make 
liquid and dry Ortho fertilizers, in- 
cluding a high analysis plant food. Its 
four units: nitric acid, ammonium 
nitrate, liquid, and complex plant 
foods, will use anhydrous ammonia 
piped in from nearby Phillips Pacific 
Chemical. 

Technically, the interesting innova- 
tion is in the 300 ton a day complex 
plant food unit, where the Chemical 
& Industrial Corp. Process is com- 
bined with Societe Potasse et Engrais 
Chimiques (PEC) Process. This, 
according to C&l, gives a better 
pellet, reduces recycle rate and elim- 
inates much of the equipment neces- 
sary in conventional plants. The _ 
cess uses nitric rather than sulfuric 
acid to acidulate phosphate rock. This 
gives an immediate combination of 
nitrogen and phosphorus. Ammonia 
and sulfuric or phosphoric acid are 
added in amounts required to com- 
plete the reaction. This process makes 
all the P,O, available as plant food. 
The slurry, under pressure, is then 
sprayed into the spherodizer where it 
is simultaneously pelletized and dried. 
This is done by spraying the feed 
slurry onto curtains of falling product 
particles showered through hot drying 
gases in a rotating drum. The pellets 

continued on page 141 
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ENGINEERS AND CONSTRUCTORS FOR INDUSTRY 


INDIA’S FIRST SYNTHETIC RUBBER PLANT 
SET FOR SYNTHETICS AND CHEMICALS, LTD. 


Lummus to Design, Engineer and Construct 
30,000 Ton Per Year Plant Near Bareilly, India 


The Lummus Company has been awarded the contract to 
design, engineer and construct a 30,000 ton per year syn- 
thetic rubber plant near Bareilly, Uttar Pradesh, India for 
Synthetics and Chemicals, Ltd. This firm was recently 
formed by The Firestone Tire & Rubber Company in associa- 
tion with the banking and industrial firm of Kilachand 
Devchand and Company Private, Ltd. of Bombay. 

The 30 million dollar project will include plants for the 
production of butadiene and styrene, the principal raw ma- 
terials, as well as a copolymer plant to manufacture the final 
product, synthetic rubber. In addition, Lummus will con- 
struct all the plant utilities and offsites. Although Lummus 
will design the plant for a capacity of 30,000 tons or more 
per year, the initial annual production will be 20,000 tons. 
Technical divisions of The Firestone Tire & Rubber Com- 
pany are furnishing the basic engineering and know-how 
for the butadiene, styrene and copolymer waits. 

The plant site has been established in the heart of the 
sugar cane and alcohol producing area, and the alcohol ob- 
tained from the sugar cane will be the source of the buta- 
diene, the principal ingredient of synthetic rubber. 


Indian technicians and operating personnel will be trained 
to run the plant, whose final products will meet standard 
world-wide industry specifications. 

Financing of the project will be assisted by a 27,100,000 
Indian rupee (or $5,700,000) loan from the Export-Import 
Bank of Washington to Synthetics and Chemicals, Ltd. This 
constitutes the largest foreign currency loan in the bank's 
history. The remainder of the financing will come from 
private banks in the United States and the United Kingdom 
as well as from India. 

The project is expected to save India approximately 10 
million dollars in foreign exchange annually. 

Lummus has over 50 years’ experience in the design and 
construction of more than 850 plants for the process in- 
dustries throughout the world. Call Lummus on your next 


project. 


THE LUMMUS COMPANY, 385 Madison Avenue, New 
York 17, New York, Houston, Washington, D. C., Montreal, 
London, Paris, The Hague, Madrid; Engineering Develop- 
ment center: Newark, N. J. 


For more information, turn to Data Service card, circle No. 146 
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A.L.Ch.E. RESEARCH COMMITTEE 


Final Report from the University of Michigan 


Tray Efficiencies in Distillation Columns 
PUBLISHED JUNE 1960 


Members of A.I.Ch.E............. $5.00 


Paper Bound 


Final Report from North Carolina State College 
PUBLISHED SEPTEMBER 1959 


Members of A.I.Ch.E. ............. $2.00 


Paper Bound 


Final Report from the University of Delaware 
PUBLISHED DECEMBER 1958 


Members of A.LCh.E. ............ $5.00 
$10.00 


Paper Bound 


Bubble-Tray Design Manual 
prediction of fractionation efficiency 


by the Distillation Subcommittee of the Research Committee 


1. Enables the engineer to pecs efficiencies for commercial bubble trays used in multicomponent fractionation. 2. Contains 
sample calculations made on plant-scale columns. 3. Includes calculation form sheets for the use of the reader. (Additional 
sheets may be purchased.) etna of A.I.Ch.E., $5.00; Non-members, $10.00; Calculation form sheets, $.25. (One 
bound in book but also available for separate purchase) Hard covers, gold stamped, 644” x 914”, 94 pages, attractively 
designed and printed. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
25 West 45 Street 
New York 36, New York 


Enclosed is my check for (Add 3% sales tax for delivery in New York City.) 


(__) Final Report from the University of Michigan 
(__) Final Report from North Carolina State College 
( _) Final Report from the University of Delaware 
(__) Bubble Tray Design Manual 
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coat, onion 
pellets are 
14-14-14, 


increase in size coat by 
fashion. Three types of 
turned out by this unit: 
20-10-0, and 20-20-0. 


Other plant units 

The ammonium nitrate unit has a 
capacity of 200 tons a day of product 
in solution, or 150 tons of dry prill. 
C&l’s process which uses a tower less 
than one-third as high as conventional 
prilling towers, gives finished prills 
containing 33.5% nitrogen. 


A styrene monomer plant with a de- 
sign capacity of 70 million pounds 
annually, will be constructed by Bad- 
ger under a contract awarded by Sin- 
clair-Koppers Chemical. Site is Hous- 
ton (Pasadena), Texas. The ethylben- 
zene content of a mixed xylene stream 
produced in Sinclair's Houston aro- 
matics extraction unit will be used to 
recover the hydrocarbon. Entire out- 
put of the plant goes to the Koppers 
Co. Process used is the “styrene from 

asoline” process developed jointly 


y Cosden and Badger. 


License for the use of Cosden’s tech- 
nique for manufacturing polyisobuty- 
lene goes to Naphtachimie, Paris- 
based firm. When these facilities are 
completed, the French firm will be 
one of the only producing sources in 
Europe for this material. The license 
is exclusive for the European common 
market. 


Construction of facilities to manufac- 
ture sodium hexametaphosphate gets 
underway at Hooker's Jeffersonville, 
Ind., Phosphorus Division headquar- 
ters. Aso underway at Jeffersonville 
are new tetrapotassium pyrophosphate 
facilities. 


Semi-commercial uction will be 
centralized at H Chemical, with 
lans underway for a $1% million 
building at Niagara Falls, N.Y. The 
semi-commercial equipment in the 
building is designed for maximum 
flexibility so that a succession of prod- 
ucts can be processed in the same 
equipment, and several processes can 
be operated at one time. 


Start-up of an anhydrous aluminum 
chloride plant at Sarnia, Ontario, Can- 
ada, by Clinton Chemical makes St. 
Clair Chemical, Clinton subsidiary, 
one of the only Canadian plants pro- 
ducing this chemical. the Sarnia 
facility has a capacity of 4 million 
pounds a vear. 
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Pilot Plant or Laboratory Equip 


for DRYING 


SINGLE-SHELL DRYER 


Single-shell, direct gas fired ro- 
tary. dryer. Arranged for either 
parallel or counter-flow opera- 
tion. Mounted on structural steel 
base. Has removable “knockers.” 
Bulletin AH-471. 


DOUBLE-SHELL DRYER 


Double-shell, indirect-heat, gas- 
fired dryer for drying without 
contamination. Volatiles removed 
with only limited dilution. Shell 
rotation speed and shell slope 
easily changed. Bulletin AH-472. 


STEAM TUBE DRYER 


Steam-tube indirect heat dryer. 
Can be connected to any avail- 
able steam supply or furnished 
with a 3-HP steam generator. 
Available in stainless steel or 
other corrosion-resistant mate- 
rials. Easily moved from place 
to place. Bulletin AH-473. 


DRY GRINDING UNIT 


Make power connections only 
and the Hardinge Dry Grinding 
Unit is ready to perform. Self- 
contained and portable, 7’ 8” 
high. Complete with Constant- 
Weight Feeder, Conical Mill, 
“Gyrotor” Classifier, dust col- 
lector, product collector and 
“Electric Ear” grinding control. 
Bulletin AH-448. 


WET GRINDING UNIT 


Power and water connections 
only are needed to put the Har- 
dinge wet grinding unit into 
operation. Self-contained and 
portable, 644" high. Includes Con- 
ical Mill, Counter-Current Clas- 
sifier, launders, feeder, pump and 
“Electric Ear” grinding control. 
Bulletin AH-448. 


“Hardinge Equipment—Built Better to Last Longer.” 


For more information, turn to Data Service cord, circle No. 114 
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A NEW VINYL PLASTIC, said to withstand temperatures 
60 degrees higher than conventional vinyls, is demon- 
strated by B. F. Goodrich Chemical. The weighted strips 
in the 180-degree water test above are (I. to r.) the new 
vinyl, polyamide, high-density polyethylene, and con- 
ventional vinyl. The new material, a polyvinyl dichloride, 
shows no sag. 


(ABOVE) STEEL GOES up as the United Engineering 
Building moves rapidly toward completion. In a recent 
ceremony, the cornerstone (right) was laid by former 
President Herbert Hoover and New York's Mayor Robert 
Wagner as Andrew Fletcher, UET president, (left) presided. 
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ONE OF TWO 2500-watt ‘“‘sub-generators,”” which make up 
the largest thermoelectric power plant ever constructed, 
under test at Westinghouse’s new products laboratories. 
Developed for the Bureau of Ships, U.S. Navy, the 
generator delivers five kilowatts of electric power by the 
direct conversion of heat into electricity. it is 50 times 
more powerful than any previously described thermo- 
electric power plant. 
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International Congress at Mexico City 


A FEATURE OF THE OPENING ceremonies of the International Con- 
gress of Chemical Engineering held in Mexico City in June were 
the welcoming addresses of the presidents of the two sponsoring 
societies. (Right) Ricardo Millares, president of Instituto Mexicano 
de Ingenieros Quimicos, opens the meeting with his welcoming 
address. (Below) Jerry McAfee, A.I.Ch.E. president, responds to the 
welcome. McAfee presented the |.M.1.Q. with a complete bound set 
of CEP and the former A.I.Ch.E. Transactions as an expression of 
appreciation. 


MEXICANO INSTITUTE 
DE 

INGENIEROS QUIMICOS. | CHEMICAL ENGINEERS 


THE GULF COAST is the 
center of the petrochemical 
industry of the U.S. and ad- 
ditionally includes one-third 
of the petroleum refining 
capacity of the U.S. Plants 
are clustered around the 
major processing centers of 
Houston, Texas City, Beau- 
mont-Port Arthur, Lake 
Charles, Baton Rouge and 
New Orleans. This latter 
city is also the site of the 
forthcoming Petrochemical 
and Refining Exposition 
sponsored by A.!.Ch.E. and 
to be held in conjunction 
with its national meeting, 
February 26-March 1, 1961. 
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New product development, equipment 
advances, at New Jersey Joint Meeting 


COMMERCIAL CHEMICAL  develop- 
ment, and advances in equipment de- 
sign and construction, were co-fea- 
tured at the North Jersey and New 
Jersey Sections All-Day Symposium in 
May. The eleventh annual joint meet- 
ing of the two groups covered the 
development of a new product from 
conception through commercial frui- 
tion. Included in four papers pre- 
sented at this session were: An Intro- 
duction to Commercial Chemical De- 
velopment, L. E. Johnson, Interna- 
tional Nickel; Market Research Tech- 
niques, D. S. Alcorn, Union Carbide; 
Publicity and Advertising, D. R. Can- 
non, McGraw-Hill; and Organization 
of Commercial Chemical Develop- 
ment, A. J]. Green, Pfizer. 


Equipment Symposium 
Mixing Processes in Multistage 


Contactors, J. Y. Oldshue discussed 
the different types of chemical engi- 
neering processes that can be carried 
out in a continuous multistage con- 
tactor. Four of these stage efficien- 
cies were defined; each of these 
— has its own requirement 
or mixing and scale-up characteris- 
tics. Accurate prediction of column 
performance can be made by deter- 
mining whether mass transfer or reac- 
tion effects are controlling. 

In The Fabrication of Tantalum, Ti- 
tanium, and Zirconium Equipment, 
B. S. Payne pointed out that welding 
the special metals is not particularly 
difficult after correct procedures are 
fully understood by the fabricator. 
A higher standard of fabrication 
quality is required not only due to the 
unusual problems involved but also 
the expense of the material in use. 


The Design of Optimum Cycle Ther- 
mal Process Plants, Donald Q. Kern 
said, has not included an assured 
period of uninterrupted production 
as a design requirement. This is due 
to certain conceptual inadequacies in 
distillation, evaporation, crystalliza- 
tion, and heat transfer as unit opera- 
tions. 

Guest at the dinner winding up the 
meeting was F. Buckminster Fuller, 
designer-builder-lecturer, who spoke 
on Generalized Structures, Visible 
and Invisible. 


Tyler Award 

Maurice E. Brooks and Valentine 
Mekler received the New York Sec- 
tion’s Tyler Award for 1959. The 
Award was presented to Brooks for 
his co-authorship of “When is Delayed 
Coking Worthwhile,” an article 
which appeared in Petroleum Refiner, 
June 1959. Mekler is director of tech- 
nical services, and Brooks is vice pres- 
ident and director of engineering. 
The Lummus Co. Judges for this 
year’s contest were F. A. Zenz, Asso- 
ciated Nucleonics, winner last year; 
D,. F. Othmer, Brooklyn Polytech; 
and R. E. Treybal, N. Y. U. The 
Award, in honor of Stephen L. Tyler, 
past secretary of A.I.Ch.E., celebrates 
continued on next page 


with the 


VERTICAL, CONTINUOUS 


TURBO DRYER* 


FOR PRODUCTS THAT ARE: FOR: 


© Heat Sensitive ® Drying 

© Fragile ® Cooling 

® Decomposable ® Desolventising 

© Dusty ® Vaporizing 

© Pungent ® Subliming 

® Harmful ® Solid gas reacting 


OUTSTANDING 


The Wyssmont Co. has solved many difficult problems. 
Unique Testing Facilities. 
Available both, for indoor or Outdoor Use. 
Packaged units up to 360 sq. ft. net. 
Field units up to 18,000 sq. ft. net. 


YSSMONT CO., INC. 


& PROCESS ENGINEERS 
ORYER. 27- O4E Bridge Plaza South, Long Island City 1, N. Y. 


Representatives in principal cities 
tn Greot Britain: Sturtevant Engineering Co., Ltd., London EC4 


For more information, turn to Data Service cord, Circle No. 23 
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FULL CONE—HOLLOW CONE—FLAT SPRAY 
Spraco has the most complete line of nozzles available 
anywhere — IN STOCK. Capacities range from 1% pint /min. 
to 4000 gal. /min. Bronze, cast iron, and stainless steel. 
Write for our nozzle catalog. 

SPRAY ENGINEERING CO., 1:2 Cambridge St., Burlington, Mass. 


For more 'nformation, turn to Data Service card, circle No. 84 
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Can you use 


NON-SWELLING ABSORPTIVE 


NEED 
COLD 
WATER? 


Beat the heat with 
steam-jet cooling! 


ALO, - 4Si0, - H,0 


PIKES PEAK, CLAY 


Approximate chemical analysis 


Loss @ 105°C. 

Further Loss on ignition 
Silica (Si02) 

Alumina (Ai20;) 

Ferric Oxide (Fez0.) 


Simplified schematic diagram of steam 
jet cooler with surface condenser. 


The simplest, most economical way to 


> 


~ 


Brooks (!.) and Mekler (r.), winners of 
the 1959 Tyler Award, with J. V.N. 
Dorr, who made the presentation. 


that member who in the opinion of 
the judges, has published the best 
article, book or other paper in the pre- 
ceding year, Ceremony took place at 
the May meeting. 


Student night at Pittsburgh 
Outstanding chemical engineering 
students from local colleges were hon- 
ored at the Pittsburgh Section meet- 
ing in March. The three juniors who 
earned the highest grades during the 
year: Edward H. Blum, Carnegie 
Tech, Reid Crookston, U. of Pitts- 
burgh, and James E. Mitchell, West 
Virginia U., were presented with 
scholarship awards by Jerry McAfee, 
president of A.LLCh.E. Professional 
Promise Awards went to six chemi- 


Magnesia (MgO) 
Calcium Oxide (Ca0) 
Ferrous Oxide (FeO) 
Sodium Oxide (Na20) 
Potassium Oxide (K20) 
Titanium Dioxide (1102) 
Arsenic Oxide (As20)) 
Mercuric Oxide (HgO) 
Lead Dioxide (PbO2) 


Less than 0.00005%* 
Less than 0.00007%* 
Less as lead dioxide 
Phosphorus Pentoxide (P20s) 0.22% 
Sulfate (SO.) 0.17% 

pH around 5 

*None found. 


Currently used as: 


e Carrier (liquids & solids) 
e Diluent Extender 
e Coagulant Aid 
Parting Agent 
e Coating Agent 
e Bleaching of chemicals, 
animal, mineral & vegetable oils 


cool water is to use an Ingersoll-Rand 
Water-Vapor Refrigeration Unit with 
a steam-jet cooler. In this system, water 
is the only refrigerating medium. It 
cools itself by direct evaporation in a 
high vacuum created by steam-jet 
ejectors. The small portion of water 
that is evaporated gives enough cooling 
effect to chill the remainder. 

I-R builds steam-jet coolers in sizes 
from 30 to 1200 tons and larger, for 
chilled water temperatures down to 
35°F, with steam pressures as low as 2 
psig. For more information write today 
for Bulletin 9143-B. 


cal engineering seniors: Robert T. 
Wotring and Lester C. Long, Jr., 
West Virginia U.; Charles M. Bry- 
son and George Weissert, U. of Pitts- 
burgh; Richard B. Aust and ba: 
Friedly, Jr., Carnegie Tech. ev 
were selected for this honor not only 
on the basis of outstanding academic 
work, but also for leadership and ad- 
ministrative abilities required of the 
modern engineer. This is an innova- 
tion over the usual award, made 
strictly on the basis of judgment of a 
technical report. The concept of pro- 
fessional promise, an attempt to evalu- 
ate it, and possible success as a pro- 
fessional are included. 


Jersey student symposium 
ca) Student members from metropolitan 


chapters of A.I.Ch.E. and ASME met 
Ingersoll-Rand 
4-998 


11 Broadway, New York 4, N. Y. 


e Filter Agent 
e Absorbent for liquids, 
chemicals, greases, oils 


PHYSICAL PROPERTIES — Like 
all mined products of this nature, 
physical properties of Montmorillon- 
ite will change in various degrees, de- 
termined by mesh size and quantity. 


WRITE FOR SAMPLES — Write 
immediately for necessary samples, 
mesh sizes available and other tech- 
nical data for further exploration in- 
to advantages of Montmorillonite in 
suiting your specific needs. 


GENERAL 
REDUCTION 


COMPANY 


1820 ROSCOE STREET 
CHICAGO 13, ILLINOIS 


at Newark College of oe 
for an all day symposium in April. 
Representatives of nine colleges and 
universities held two separate meet- 

continued on page 146 
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ings and technical paper contest. 
They were guests of the college, as 
part of its 75th anniversary celebra- 
tion. 

F. J. Van Antwerpen, executive 
secretary of A.I.Ch.E.,. Sidney Kirk- 
—. former vice president of Mc- 

raw-Hill Publishing Co., and Robert 
E. Treybal, professor of chemical en- 
gineering, N.Y.U., spoke to one group 
on Chemical Engineering, Past, Pres- 
ent and Future. Both groups were 
addressed by Raymond Fremed, as- 
sociate editor of Chemical Engineer- 
ing, on Professionalism vs. Unionism. 


El Dorado Section 

Waste disposal is now of such im- 
portance that it should be included 
in our plant process designs, Gustaf 
Panula told the El Dorado Section 
(Henry A. McCandless) in March. 
The Public Health Service grants 
about 1¢ per person per year for 
research on pollution. Panula_ re- 
ported on a project just completed 
on Pollution abatement studies con- 
ducted by the Louisiana Polytechnic 
Institute’s Department of Engineer- 
ing Research. The studies were made 


for the Public Health Service, U.S. 
Department of Health, Education and 
Welfare. 

Present water consumption rate 
capita in the U. S. is about 150 GPD. 
A city the size of Detroit will con- 
sume 330 MGPD of water on a June 
day. A billion tons a year of silt is 
carried by waterways and about % of 
this is carried by the Mississippi River. 
But, he added, building of dams on 
the head waters have substantially 
reduced silt loads, 


De-oiling solvent 

The wet solvent process for de-oil- 
ing wax, a by-product of lube oil 
manufacture, was discussed by Jack 
Warnecke, Union Oil of California, 
at the Northern California Section 
(William B. Hauserman) in March. 
The solvent used, methyl-isobutyl- 
ketone, has the advantage, compared 
with other de-oiling solvents, that the 
elimination of water from it is much 
simpler. Its effectiveness as a de-oil- 
ing solvent is relatively unaffected by 
its water content. Estimated cost sav- 
ing on the process, currently in use 
at Union Oil’s Oleum refinery, is over 
50 percent. Increase in production is 
70 percent beyond that which would 
be realizable by use of other com- 
mon solvents for this purpose. 


TV in Western New York 

A film on careers in chemical engi- 
neering was shown in March by the 
Western New York Section (Reed E. 
Garver). One of a series of Wednes- 
day evening programs on a local TV 
station, the program was part of the 
Section’s career guidance project. 
Also meeting 
Boston Section (Ralph Wentworth) 
members got a glimpse of Eskimo 
life from Robert F. Jasse, March 
speaker, who spent nearly a year in 
the Northland . . . Robert L. Sproull, 
Cornell U., spoke to the Se re 
and Syracuse Sections’ joint meeting 
in April on Application of Solid State 
Physics to Engineering. . . . A talk 
on recent developments in the arch- 
aeology of the lower Mississippi Val- 
ley was featured at the Western Mas- 
sachusetts Section (D. M. Sullivan) 
in April. S. Williams, Anthropolo 
Department, Harvard U., was the 
speaker. Occasion was annual joint 
banquet of the Section and the U. of 
Massachusetts Student Chapter .. . 
Current thinking on irreversible ther- 
modynamics was summarized at the 
South Jersey Section in March by 
R. W. Houston, U. of Pennsylvania 
. . » Ladies’ Night at the New Jersey 
Section (E. M. Powers) in April 
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New capacity rat- 


PLATECOIL SPECIFICATIONS 


Send for your free copy of Bulletin P-62, describing 
revolutionary new MULTI-ZONE PLATECOIL. New 
specifications, with operating pressures up to 250 psi. 


flushed. 
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urations to solve 


BLATi 


Divisi 


Coit 
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process heating and TRANTER MANUFACTURING, inc. 
LANSING 9, MICHIGAN 


cooling problems. 


For more in‘ormation, turn to Data Service card, circle No. 80 
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LINE STRAINERS 


in stainless steel, cast iron and brass 


A complete range of capac- 
ities in 4 ” to 4” female pipe 
connection sizes .. . and in 
3” to 6” flange connection 
sizes. Keeps lines clear for 
efficient operation. Easily 


TOP PERFORMANCE DESIGN 
Screen area so large that 
strainers will take 75% 
blocking with less than % 
lb. pressure drop under 
normal flow conditions. 
Top and bottom flange col- 
lars on screen give seal fit 
and rigidity. 
SPRAYING SYSTEMS CO. 
3284 Randolph Street 
Bellwood, IIlinois 


For more information, turn to Data Service card, circle No. 92 
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heard Mason Gross, president Rutgers 
U. . . . Statistics should be used as a 
tool to generate ideas for highlightin 
experimental results, J. S. Hunter told 
the Maryland Section (J. W. Holtz) 
in April. Editor of the monthly, Tech- 
nometrics, and U. of Wisconsin staff 
member, Hunter described how sta- 
tistical analysis is used in the design 
of experimental programs in produc- 
tion, development and research . . . 
Statistical thinking for the engineer 
was also in the news at Northern 
West Virginia Section (Joseph E. 
Fraker, Jr.). April meeting, held 
jointly with ASSOC .. . 
Construction of a plant to produce 
ortho-xylene at Citkes Service Refin- 
ing, Lake Charles, La. gets underway 
shortly. Basic feed for the 120 
million pound a year unit will come 
from present company units at the 
location. 

A paper on Improving Black 
Liquor Oxidation in Packed Towers 
was presented to the Southwest Wash- 
ington Section (James C. Tooley) 
William West, Crown Zellerbach, in 
March .. . 

A tour of the Martin facilities, where 
the Titan Intercontinental ballistic 
missile is made, took up the April 
meeting of the Rocky Mountain Sec- 


tion (A. L. Benham) . . . The South 
Texas Section (CG. H. Cummings) 
heard Enrique Rangel on the Mexico 
City joint meeting of A.LCh.E. and 
LM.LQ.... J. W. Joyce, NSF, gave 
an account of IGY investigations 
through 1958, at the Charleston Sec- 
tion (G. O. Walker) in March ...A 
talk on the separation of silica and 
hafnium from zirconium in zircon 
sand was Southwest Louisiana Section 
(Robert L. Goodkind) topic in April. 
F. J. Seeba, Columbia-Southern 
Chemical, was the speaker . . . The 
Chemical Engineers Club of Wash- 
ington annual field trip was made to 
the U. S. Army Engineer Research 
and Development Laboratories, Fort 
Belvoir, Va. in May .. . J. J. Me 
Ketta, U. of Texas, addressed the 
East Texas Section (E. N. Livingston) 
in April on “Are You a Professional 
Engineer?” . . . Some of the techniques 
employed in operations research were 
discussed by George E. Kimball, 
Arthur D. Little, at the Sabine Area 
Section (Norman Wacks) in April. 


Synthetic rubber and latices will be 
produced at Firestone’s new installa- 
tion at Port-Jerome, France. The 
10,000 long ton annual capacity unit 
is due for completion in 1961. 


Corrosive fluid handling problem? There’s a Jet-Vac ejector that will 


solve it efficiently and at low-cost. 


Like this 3-stage Jet-Vac ejector, for example. Its stainless steel 
constructon affords better internal and external corrosion resistance, 


lighter weight. 


Jet-Vac ejectors can be made with super alloys, many other special 
corrosion resistant materials which give a new measure of protection for 


handling corrosive fluids. 


WHAT'S YOUR EJECTOR PROBLEM? Write today for free fact-packed 
folder, with full information on our many services. 


SET-VACT 


THE JET-VAC CORPORATION 
400 Border St., E. Boston, Mass. 
LOgan 7-2200 


Steam Jet Vacuum Ejectors * Steam Jet Thermo-syphons 
Hydro Jet Ejectors « Thermo Compressors + Special 
Process Jets + Mixing Jets + Draft inducers + Vacuum 
Refrigeration * Barometric and Surface Condensers + 
Venturi Desuper Heaters * Fume Scrubbers. 


A MEMBER OF ARTISAN INDUSTRIES 


For more information, turn to Data Service card, circle No. 82 
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AUTOMATIC 
PROCESS HEAT 


600 


Uniform process heating is 
essential to assure uniform product 
quality — and that is what you get 
with International-LaMont Aroclor* 
Heaters. 


ACCURATE TEMPERATURE CONTROL 


Aroclor temperature is main- 
tained automatically to within +2° 
F. at the heater — regardless of sys- 
tem load. Precise processing tem- 
peratures are maintained without 
elaborate controls. Consistently high 
product quality is assured. 


SAFE, LOW PRESSURE OPERATION 


Even at 600° F., the average 
system pressure is only 30 psig 
with Aroclor. Low pressure means 
lower operating and supervisory 
costs, in addition to significant 
savings on equipment, installation 
and maintenance. 

Get the facts about Aroclor and 
the distinct advantages of Interna- 
tional-LaMont Aroclor Heaters. 
Write today for Bulletin 1300. 


* AROCLOR is a registered trade name of the 
Monsanto Chemical Company. 


THE INTERNATIONAL 


‘ BOILER WORKS CQ. 


920 Spruce St., East Stroudsburg, Pa. 
For more information, circle No. 89 
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DEIONIZED 
WATER © 


—from equivalent 
of distilled to 18 


megcohm quality 


—from smallest 
laboratory to 
largest plant need 


with these 
ELGIN DEIONIZERS: 


JUNIOR 120 


Small mixed- 
bed type has ex- 
changeable refill 
—delivers up to 
2 gpm. 

Ask for 


ULTRA- 
DEIONIZER 


Large mixed- 
bed type deliv- 
ers water of high 
quality in any 
quantity. 

Ask for 


Any combina- 
tion of anion 
and cation ex- 
changers in sizes 
to meet any 
need. 


Ask for 
Bulletin H4 


Whatever the purity of water you 
need or the quantity you desire, Elgin 
can supply the correct type and size 
ion exchange equipment to deliver 
it. No requirement is too small—none 
too large for Elgin to handle effi- 
ciently. Whether it is a standard de- 
ionizer or one specially designed for 
the job, you are assured of expertly 
engineered equipment and trust- 
worthy service for which Elgin has 
been known more than a half cen- 
tury. 

The technical assistance of the 
nearest Elgin representative is as 
close to you as your phone. 


CORPORATION 
180 N. Grove Ave., Elgin, Illinois 
Representatives in Principal Cities 

in. Con da: G. F. Gterne & Sons, Ltd., Brantford 


148 July 1960 


indusivial 
news 


A new producer of special metals 


comes into being, Reactive Metals. 
National Distillers has acquired a 60 
percent interest in the common stock 
of Mallory-Sharon Metals, and will 
integrate with it the operations of its 
subsidiary, Johnston & Funk Metal- 
lurgical. The combined operation will 
produce zirconium, and titanium mill 
products and columbiun, hafnium, 
molybdenum, tantalum, tungsten and 
vanadium. Offices of the company are 
at Bridgeport, Conn. 


The manufacture of synthetic rubber 
goes ahead in Japan, with a $30 mil- 
lion plant on stream at Yokkaichi. 
Owned by Japan Synthetic Rubber 
Co. Ltd., the plant was designed for 
an annual output of 40,000 metric 
tons of SBR crumb rubber and 5000 
of synthetic latex. Total Japanese rub- 
ber consumption of 190,000 tons in 
1959 is ed to reach 220,000 
this year, and 300,000 by 1965. 


A plant to be built near Beaumont, 
Texas, By Goodyear, will make Natsyn 
(i ne) and Budene (butadiene). 
Both synthetics were formerly made 
in pilot plant quantities. Budene is an 
extender, Natsyn an extender and re- 


placement. 


Hooker Chemical’s expansion in 
— goes ahead, with a plant to be 

uilt in Kentucky, where construction 
will be finished, it is expected, by the 
end of 1961. For Hooker's planned 
unit in Argentina, the Export-Import 
Bank has approved a loan for the pur- 
chase of equipment in the U.S. Dura- 
nor, company formed by Hooker and 
the Argentine firm, Atanor, will build 
a 25 metric ton per day plant on a 
site in Rio Tercero, Province of Cor- 
doba. The spot is adjacent to the 
Atanor chemical plant. Largest cus- 
tomer for the phenol will be Plasticos 
Atanor, Atanor subsidiary. 


A hydrodealkylation unit te be erected 
at Ashland Oil and Refining, Catletts- 
burg, Ky. will use the UOP and 
Ashland jointly developed Hydeal 
process. Design capacity is 75 million 
pounds a year of naphthalene, and 
15 million gallons a year of benzene. 


Engineering and construction of a 
butadiene extraction plant in Grange- 
mouth, Scotland, will be done by 
Fluor for British Hydrocarbon Chemi- 
cals, Ltd. One of three new facilities 
for BHC, completion is slated for 
1961. 


VITREOSIL 


PURE FUSED QUARTZ 
INDUSTRIAL WARE 


EASILY MEETS CRITICAL 
PRODUCTION REQUIREMENTS 


e Absolute Chemical Purity 

e Extreme Heat Resistance 

e Thermal Shock Resistance 

e@ Chemical inertness 

e Outstanding Electrical Properties 

e Full Range Radiant Energy Transmission 


Many standard shapes and sizes . . . and 
we fabricate for special needs. See our ad 
in Chemical Engineering Catalog. 


Write for complete, illustrated catalog. 


| 
= | 4 
MULTI-COLUMN 
: 
Call or write for bulletins. 
“18-20 Salem Dever, NJ. 
= For more information, circle No. 46 For more information, circle No. 25 te : 
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METERING CORROSIVE 


FLUIDS? Brooks can give 
you an all-glass transmitting 
rotameter like this . . . 


or one with a halofluorocar- 
bon metering tube like this... 
In fact, we 
can make 
a meter to 
just about 
any mate- 
rial specifi- 


cations you 


describes more than a dozen 
of the many materials avail- 
able and gives meter con- 
struction details. Ask for 


Bulletin 150, and it’s yours. 
LANSDALE * PENNSYLVANIA 


BROOKS 


ROTAMETER COMPANY 
760 STREET 
For more information, circle No. 14 
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industrial 
news 


A new chemical center planned by 
Archer-Daniels-Midland will make 
nitrogen plasticizers, esters, olefins, 
and other intermediates. To be built 
on a 200 acre site near Peoria, Ill. 
the ation is scheduled to begin 
in early 1962. 


An expanded sulfuric acid plant at 
Pittsburgh Chemical’s Neville Island 
installation will boost company capa- 
city by 70 percent. 


Construction of an ethyl chloride- 
ethylene dichloride plant at Corunna, 
Ontario, is underway for Ethyl Corp. 
Work, by Badger, is slated for com- 
pletion in mid-September. 

A high pressure sulfur removal plant 
to be constructed in Pancevo, Yugo- 
slavia, by a West German firm, 
Pintsch Bamag A. G., will use the 
Alkazid process. Pintsch Bamag will 
provide training for Yugoslav operat- 
.ing personnel in their West European 
alkazid plants. 


A join research and development pro- 
gram for liquid rocket propellants will 
be inaugurated by Du Pont and North 
American Aviation. Under an a 
ment, candidate propellants will be 
manufactured in experimental quanti- 
ties by Du Pont, while the Rocket- 
dyne Division of North American will 
test them and develop performance 
data. 


A 400 ton a day oxygen generating 
plant now under construction at 
Mingo junction, Ohio, will distribute 
oxygen to Wheeling Steel, and liquid 
oxygen and argon for industrial use. 
A joint venture of Hydrocarbon Re- 
search and Wheeling Steel, Mingo 
Oxygen Company will use HRI's air 
separation process. The $6 million 
ey is expected to be in operation by 
ate 1960. 

A new Franco-American company will 
build power and research reactors in 
France and the French Union. The 
joint venture of Atomics International, 
(North American Aviation), Societe 
Alsacienne de Constructions Meca- 
niques and Chantiers de latlantique, 
is most interested in sodium graphite 
and organic cooled power types and 
solution type research reactors. The 
new company called Dynatom has a 
proposal under consideration to build 
a 165 electrical megawatt organic 
moderated reactor plant near Arden- 
nes, France, under the Euratom pro- 


gram. 


For toughness end flexith lity over 
the wide range of — 90°C te 250°C, 
weil es chemical ine $s, non- 
mability, abrasion fgsistance, 
tero moistute sorption-—and of 

course su 
know to cho fon tubing. 
And for n gacturing 


a Gnd other 
ings beerin PLEXGTE label 
orm to 
lof ¢ mples. 


“Du Pont Trademark 


L. FRANK & SONS 


SOURCE for EXCELLENCE in 
Insulating Twbings, Sleevings, and Lead Wire 


NORRISTOWN, Penwevivania 
For more information, Circle No. 37 
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people 
in management 
and technology 


Dorr honored by Brooklyn Polytech 


John Van Nostrand Dorr, a past pres- 
ident of A.LCh.E., has received an 
honorary degree from the Polytechnic 
Institute of Brooklyn. The degree was 
conferred at the annual commence- 
ment exercises in June. 

Dorr is honorary chairman of the 
Board of Dorr-Oliver, Inc., a com- 
pany he founded, and one of the 
founding partners in the recently 
launched New York City firm, Dorr 
Consultants. 

In the field since 1894, when he 
received a B.Sc. from Rutgers U., 
Dorr did lab research work under 
Thomas A. Edison. He is the inven- 
tor of such devices in the chemical 
processing and metallurgical fields as 
The Dorr Classifier, The Dorr Thick- 
ener and The Dorr Agitator. 

He is author of The Cyanidation and 
Concentration of Gold and Silver 
Ores, and also of many technical 


Ernst Weber (r) president of Brooklyn 
Polytech, who made the presentation, 
Dorr, and Dean Schaffner. 


to receive the A.I.Ch.E. Founder's 
Award, was president of the Institute 
from 1932-33. Included in his many 
honors are the John Scott Medal of 
the Franklin Institute, the James 
Douglas Medal of AIME, the Chem- 
istry Industry Medal, and The Perkin 


Lansing T. 
assistant publisher 
of CEP, has left to 
join the Petroleum 
Engineer Publish- 
ing Co. On the f 
A.LCh.E. staff for 
fourteen years, he 
was associated with 
CEP as sales manager when it was 
founded in 1947. In his new post, 
Dupree will represent both The 
Petroleum Engineer and the Ameri- 
can Gas Journal, working out of the 
New York office. 


James R. Dudley, 
vice president of 
research and de- 
velopment, The 
Richardson Co., 
has taken over the 
post of president, 
Commercial Chem- 
ical Development 
Association. On July 1 he moved up 
from president-elect of the organiza- 
tion. A graduate of Carleton College, 
Dudley has a Ph.D. from the Univer- 
sity of Iowa. He holds membershi 

in ACS, AIC, AAAS, and CMRA. 


Herschel H. Cudd, vice president, 
research and development, American 


papers. Dorr, one of only seven men Medal. 


ROTO-BIN-DICATOR 


-Most Popular Model $55.00 
FIRST IN SALES 


Underwriters’ Laboratories Listed 
General Purpose and Explosion-proof Models 
Product of Write for detailed 
THE BIN-DICATOR CO. or 


VAlley 2-6952 
13946-H Kercheval, Detroit 15, Mich. 


WE SELL DIRECT + PHONE ORDERS COLLECT 


For more information, turn to Data Service card, circle No. 39 
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SPEED INPUT SIGNAL 
TO CONTROL VALVE 


with FISHER Type 543 Electro-Pneumatic 


Transducer re 


Available with 
or without a 
pneumatic valve 
positioner 


Developed for use in 
electrical control 
loops where final 
control element is 
pneumatically oper- 
ated. Explosion 
proof ...ideal for 
use in hazardous 
conditions. Built in 
volume relay per- 
mits direct operation 
of actuator from 
transducer. No extra 
relays or boosters 


FISHER GOVERNOR CO. 


Input signals from 1 to 5 ma... 
output from 3 to 15 psi 
through 6 to 30 psi. 


Engtand 
BUTTERFLY VALVE DIV, CONTINENTAL SINCE 1880 
EQUIPMENT CO., CORAOPOLIS, PENN. 


For more information, turn to Data Service card, circle No. 16 
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Viscose, has been named president of 
AviSun. Before joining American Vis- 
cose in 1954, he had been director, 
Engineering Experiment Station, 
Georgia Institute of Technology. 
Cudd is on the Board of Directors, 
Industrial Research Institute, and a 
trustee, Textile Research Institute. 


In a series of key 
personnel changes 
at B. F. Goodrich 
Chemical, Antone 
Vittone, Jr. was 
named manager of 
plants. He will be 
responsible for pro- 
duction facilities, 
product improvement and cost con- 
t trol. Succeeding him as director of 
development is R. J. Wolf, who will 
handle operations at the Avon Lake, 
Ohio, Development Center. Benjamin 
M. G. Zwicker was appointed director 
of planning, moving up from the post 
of new products planning. 


C. C. Tsao has transferred to the 
Service Bureau Corp. (IBM) plant in 
San Jose, Calif. He will direct a re 
gram of advanced computations which 
will provide rocket fuel evaluations 
and distillation computations on a 
service bureau basis. 


David L. Matthews 
has been ap- 
pointed vice presi- 
dent, manufactur- 
ing, Goodrich-Gulf 
Chemicals. Prior to 
this, he was mana- 
ger of manufactur- 
ing. Matthews had 
been with B. F. Goodrich since 1940, 
joining Goodrich-Gulf in 1955 as chief 
engineer. The appointment of John 
Sakot as coordinator of manufacturing 
operations is another staff change. 
Sabot joined Goodrich-Gulf in 1956 
as project manager. At Port Neches, 
Texas, Bodie C. Pryor was appointed 
manager, polyethylene operations. The 

lyethylene facilities at the plant will 
Be in operation later this year. 


Roger N. Salesby, Jr. has been pro- 
moted to plant manager, Atlantic Re- 
search Pine Ridge facility at Gaines- 
ville. West Va 


S. M. Cavallaro has been appointed 
technical development manager, nitro- 
gen processes, Valley Nitrogen Pro- 
ducers. He will handle expansion of 
facilities as well as new product de- 
velopment. A. H. Sulliger is plant 
manager. 

continued on page 152 


The LEHMANN 


The Lehmann Automatic Can and Pack- 
age Coding Machine marks sixty cans 
per minute with a clean-cut permanent 
code mark. It uses a special opaque 
quick-drying ink that is not affected by 
the thin film of oil sometimes present 
on can lids. 

The machine prints on tops or bottoms 
of cans or packages moving in any di- 
rection. It prints on cans of slightly dif- 


LEAMANN 


processing machinery 


550 New York Avenue 


MACHINE 


ferent heights without adjustment. It 
stamps the code on containers in mo- 
tion, without smearing. 

The Lehmann Coding Machine fits on 
all types of can and package closing ma- 
chines, It handles containers 1/32 to 1 
gallon and prints up to 3 lines of 12 
characters each. The machine is avail- 
able in any voltage or air specifications. 


Send for further information 


Lyndhurst, New Jersey 


For more information, turn to Data Service card, circle No. 49 
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Your nearby authorized 
Continental Conveyor Dis- 
tributor can furnish the 
right equipment for your 
materials handling job — 
from stock, or froma 
nearby Continental Con- 
veyor warehouse. Genuine 
Continental Conveyor com- 
ponents are backed by more 
than 127 years’ experience 
in designing and manufac- 
turing quality equipment 
for American industry. 
Ask your distributor for 
the big Continental Con- 
veyor Belt Conveyor Data 
Book — 88 pages of easy- 
to-use information. 


Call on your 


CONTINENTAL CONVEYOR MAN 
for help on materials 
handling problems. 


co. 
Winfield, Alabama 


Sales Offices in: ATLANTA BIRMINGHAM 
DALLAS HUNTINGTON MEMPHIS NEW YORK 


Formerly Industrial Division, Continental Gin Co. 
For more information, circle No. 34 
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A completely new concept in relief valve 
seat design plus*Pyrex & Teflon Con- 
struction for the added advantages of 
full visibility and corrosion resistance 
Seat pressure is completely independent 
of spring load. Valve reseats after vent- 
ing without labor or material cost of 
rupture disc replacement. Ideally suited 
for both pressure and vacuum relief. 
Seals against liquids and gases. Use with 
liquid lines, with reactors and vessels of 
all types. Available in other materials of 
construction. Ask us for Bulletin RV-1. 


*T.M., Corning Glass Works 


A NEW LINE 
OF CORROSION 
RESISTANT FILTERS 


People 


from page 151 


New members of the Research and 
Development Department at Ethyl are 
Oran A. Ritter, Jr. and Norman Gu- 
zick. They are at the Baton Rouge, 
La. plant. 


Albert Spiel has been promoted to 
section head at the General Foods 
Research Center, Tarrytown, N.Y. He 
has been a project leader since 1954, 
when he joined the company. 


Robert E. Benge has joined Emery 
Industries, Engineering Dpartment. 
He will do designing work for the 
company’s oleochemical plants. 


George A. Omohundro has joined 
American Viscose as chemical process 
engineering supervisor, Central En- 
gineering Department, Marcus Hook, 
Pa. Stepping into the newly created 
position of division tire yarn and 
staple development supervisor is 
Hubert C. Gainer. He will be located 
at the Front Royal, Va. plant. 


Jane S. Popovich has joined the Re- 
search and Development Division, Du 
Pont Polychemicals Department. She 
recently received a B.S.Ch.E. from 
the University of Pittsburgh. 


Recent promotions at Chemstrand are 
Louis D. Scott, to director, Acrilan 
manufacturing, and Adin A. Nellis, Jr., 
manager, overseas technical services. 
Paul H. Darmer has been named 
superintendent of pilot operations and 
equipment development in the Acrilan 
development group. New member of 
the company is Reginald H. Jonas, 
personnel supervisor. 

H. M. Killmar moves into the of 
manager, manufacturing, at Carborun- 
dum’s Refractories Division Perth Am- 
boy plant at Latrobe, Pa., and the 
Globar plant at Niagara Falls, N.Y. 


New member of 

the Board of Direc- 

tors of National § 

Starch and Chem- § 

ical is Sidney § 

Thune. Thune, as- 

sociated with the 

company since 

1932, is vice presi- 

dent, adhesive and resin sales. Start- 
ing in adhesives technical service, he 
has served in various capacities, in- 
cluding manager, New England, West 
Coast, and Midwestern Divisions. He 
has been a vice president of the firm 
since 1952. 


New assignment for Sidney M. Brun- 
son is project manager, C.S.R.C.-Dow 


“STANDS UIP in the tough applications” 


... Says still another user 


2223 


Delanium OPERATION; Condensing Phosphorus 


Graphite 


BLOCK TYPE 


P 
HEAT 


EXCHANGERS 


ide plus HCL ot 280° 


Mary testing by the 
to be the be. 
Unit 
reports com 


US 
ER: New Jersey fine chemicals manutact 
urer. 


The denser grade of graphite in ‘Delanium’ exchangers 
provides greater resistance to corrosion and mechanical 
abuse. Block-type design can handle operating pressures 
up to 200 psig against 40 to 50 psig for most other types o 


: graphite heat exchangers. Occupies % the space of other units of comparabie 
ue heat transfer surface. No internal gaskets between process and service streams; 
applications. no floating heads, no packing. Sixteen models, 4 to 500 sq. ft. Temperatures to 
360°F. and higher. Heaters, coolers, evaporators, condensers . . . for pharmaceu- 
ticals, agricultural chemicals, acids, organics and chlorinated solvents. : 
Write today for descriptive bulletin 


KEARNEY INDUSTRIES 


DELANIUM GRAPHITE DIVISION 
P. O. BOX 501 SO. PLAINFIELD, N. J. 


For more information, turn to Data Service card, circle No. 48 
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197 Paterson Avenue 
Littie Falis, N. J. 


low CHEM FLOW CORP. 


For more information, circle No. 28 
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A“SEE-THROUGH” | 
SAFETY-RELIEF VALVE 
LIQUIDS 
| 4 
liquid side a 
Complete 
visibility | 
resistant 
Patented 
oxychlor. 
te avail- 
‘ mer in 1957. 
Permanent filter element offers max- | aa 
imum particie retention with very 
high flow rate. Porosity range, one 


Pty. He will supervise engineering 
and construction of the new ethylene 
dichloride plant at Melbourne, Aus- 
tralia, and also start-up operations. 
Since 1957, Brunson had been as- 
sistant production superintendent, 
Vinyl-Vinylidene Chloride Depart- 
ment, Texas Division in Freeport. 


R. H. Waixel has joined the Technical 
Division, Humble Oil & Refining, 
Baytown, Texas. 


Robert H. Aude has been appointed 

resident, Heyden Chemical 
~ ‘den Newport. He joined the com- 
pany in 1953, and has been for the 
past two years vice president and 
general manager of the division. 


James W. Call takes over the post of 

lant manager, Stauffer’s new carbon 
Disulfide plant. The plant is now un- 
der construction in Wilmington, Dela- 
ware, and scheduled to be completed 
by the end of the year. 


L. V. Clark has been appointed di- 
rector of explosives research and de- 
velopment, American Cyanamid. He 
will direct work at New Castle, Pa. 
and at the Research Center, Bound 
Brook, N.J. Clark has been in the 
explosives field since 1927, and with 
Cyanamid since 1936. 


William D. Kohlins has been advanced 
to vice president-general manager, 
Blaw-Knox Buflovak Equipment Divi- 
sion, Buffalo, N.Y. He joined the 
company in 1946 and has been Buflo- 
vak division manager since 1956. 


C. W. Rackley has been promoted to 
assistant chief engineer, Tennessee Oil 
Refining (Tennesee Gas Transmission). 
He will work out of the Houston 
headquarters office. A. R. Dudley, Jr. 
replaces him as senior process en- 
at company’s Chalmette, 


Paul L. ae, moves up to the 
post of superintendent, Dry Starch 
Section, A. E. Staley. Formerly as- 
sistant superintendent, Breyfogle has 
been with the company since 1947. 
He succeeds Frank J. Rogier, who re- 
tired after 28 years in the post. 


= A. Coulman has been awarded 
a fellowship for work at Case Insti- 
tute of Technology's Systems Re- 
search Center. The Fellowship, based 
on recommendations from the depart- 
ment in which the recipient has taken 
a degree, also went to eleven other 
graduate students. 


Edwin H. Young has been elected 
continued on page 154 


CUSTOM ENGINEERED 


RECTIFICATION 


* Silicon 


* Selenium Nothing 

in Sel-Rex Semiconductor Rectifier 
Equipment. Our rectifier equipment 
may be static in operation, but our 
engineering research and development 
is anything but! Sel-Rex is responsible 
for many rectification-engineering 
“firsts” —now taken for granted. Ask us 
about them and our current “firsts.” 


Send for FREE “GUIDE” to Indus- 
trial Rectifier Equipment. 


to wear or get out of order 


Cc 


mp 


THE MEAKER COMPANY 


Factories and Offices 
SUBSIDIARY OF SEL-REX CORPORATION —chicoge and Norley 10, N. 4. 
ductor Power Corversion Systems for any AC to DC application 


For more information, turn to Data Service card, circle No. 54 
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STANDARDIZED 


A MARK OF QUALITY 


In addition, a new 
four-color bulletin 
describes and il- 
lustrates the com- 
plete M&L line. 
Specify Bulletin 
820 in your re- 


Engineering Co. 


Dept. B, 675 Rahway Avenue 
Union, New Jersey 


For more information, circle No. 
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SERVRITE 
DRILLED WELLS 


thermometer sockets 
thermometer test wells 
thermocouple wells 


OR PLus SERVICE 


F 

Serv-Rite drilled protecting wells are 
made in types, lengths, and of alloys to 
meet any temperature and pressure con- 
dition in vessels and flow lines. 

Every well is carefully made to assure 
a plus service. Selected bar stock is ma- 
chined to within accurate limits. Bore 
concentricity is held within 5% of wall 
thickness, depending on well length. 
They are tested to withstand pressures 
up to 3000 psi., depending on the wall 
thickness. Exterior surface has a mirror- 
like finish for minimum resistance to 
flow in lines. 

Complete assemblies can also be fur- 
nished with suitable thermocouple, head, 
flange, fittings, etc. 

Give Serv-RITe a trial on your next 
drilled well requirements. There is none 
better.” 


Write for Bulletin No. 2000 
for specifications, size, and ordering in- 
formation on SERV-RITE drilled wells. 

8840 


CLAUD S. GORDON CO. 


631 West 30th Street, Chicago 16, Illinois 
2003 Hamilton Ave., Cleveland 14, Ohio 


For more information, Circle No. 24 
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People 
from page 153 
vice president, Michigan Society of 
Professional Engineers. Young, pro- 
fessor of chemical engineering at the 
U. of Michigan, has been on the 
board of directors of the state society 
for two years. 
Daryl L. Lackey and John A. Rau- 
scher are among the Monsanto men 
who will return to school in the fall 
on full salary. Both will be workin 
toward master’s degrees at schools o 
their choice. 
Wayne C. Edmister 
left May 1 for four 
months of research 
work at the Uni- 
versity of Amster- 
dam Van der Waals 
Laboratory, Hol- 
land. He will work 
i with the famed 
Dutch physicist, A. M. J. F. Michels, 
discoverer of polyethylene plastic. 
Edmister received an _ International 
Research Award from ACS’s ro- 
leum fund. A member of Oklahoma 
U’s chemical engineering faculty, he 
collaborated with Michels last year to 
design high pressure research equip- 
ment for a new chemical engineering 
lab at the university. 


James A. Luker has been appointed 
chairman, Chemical Engineering De- 
partment, Syracuse U. Professor of 
chemical engineering, Luker was 
chairman of the department's execu- 
tive committee since 1958. A graduate 
of Louisiana State, he received his 
M.S. from MIT and Ph.D. from 
Northwestern U. 


Henry J. Noebels was a U.S. delegate 
to the first world wide convention, 
International Federation of Automatic 
Control,* held in Moscow in June. 
Manager of applications engineering, 
Scientific and Process Instruments Di- 
vision, Beckman Instruments, Noebels 
is also a director, Instrument Society 
of America, Analysis Instrumentation 
Division. At the meeting, he spoke 
on theoretical considerations in the 
use of chromatography for process 
control. A.LCh.E. is one of five organ- 
izations representing the U.S. in the 
Federation. 


Raymond H. Marks has been ap- 
pointed executive vice president, Cary 
Chemicals. Prior to joining the firm, 
Marks was with Monsanto, where for 
nine years he worked in various re- 
search, production and sales capaci- 
ties. 

Continued on next page 


Jacketed Spring Loaded 
PLUG VALVES 


47, 


@ 2-WAY OR STRAIGHT 
SPRING LOADED 


@ 3-WAY SPRING LOADED 

@ ANGLE SPRING LOADED 

@ AIR CYLINDER 
OPERATED SPRING 


LOADED—all sizes 
and types 


LONG ON SERVICE.:.SHORT ON MAINTENANCE 


H & B’s new fully jacketed spring loaded plug valves feature an inverted 
tapered plug inserted and lapped into the housing from the bottom of the 
valve—then spring loaded. The spring wedges the plug to a perfectly tight 
seal, eliminating troublesome leaks. Easy to operate—no big handwheel ... 
no freeze .. . no “breaking loose” necessary. Easy to clean. Made in two port 
or multi port design, with any special stop arrangement desired. 


Bulletin J-57 sent on request 
HETHERINGTON & BERNER INC., 711 Kentucky Ave., Indianapolis 7, Ind. 


For more information, turn to Data Service card, Circle No. 47 
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MIXING AND 
GRINDING EQUIPMENT 


Leading mfrs. of 
4 


for-over 90 years 


Jestment end pressure recording gauges 
optional. 


30C-50 Gel. Heavy Duty Change (on Mixer. 


Gel. Double Pionetory type 
Change Can Mixer with shearing action 
stirrers, and veriable speed reversing 
type motor. Jocketed cons and 

portable trucks for cans optional. 


© 1,2, 3, 4, 6, 15, 25, 50, 65, 
85, 110 and 150 gol. sizes. 


Also Dry Crushing and Pulverizing Mills, Hopper Mills, 
High Speed Dissolvers or Dispersers, and Mixers of all 
types for dry, liquid, paste, or heavy paste materials. 


Write for complete information! 


CHARLES ROSS & SON 


COMPANY, INC. 


148-150 CLASSON AVE. BROOKLYN 5, Ni. Y. 


For more information, circle No. 121 


© 4,210, 6x 
4, 92%, 12 
x30, 14432, 
16x40" sizes. 


x 32" High 
Speed Three Roller Mill, Hydreulic 


People 


continued 


Marketing 
W. A. Bours has been reelected direc- 
tor of the Vat Dve Institute. He is 
director of sales, Dyes & Chemicals 
Division, Du Pont. 


James F. Zievers has been elected 
president, Foreign Sales Division, In- 
dustrial Filter & Pump. He is vice 
president and general sales manager 
of the company. 


Henry J. Singer has joined GE's 
Chemical Materials Department, Pitts- 
field, Mass., as a sales trainee in the 
Marketing Section. He has completed 
training assignments at Cleveland, 
Ohio; Waterford and Schenectady, 
N.Y. under the company’s CheMet 
program. 


Robert L. Lambert has been appointed 
sales manager, American Cyanamid’s 
Process Chemicals Department. He 
joined the company in 1933, and was 
formerly eastern regional manager of 


the department. 
Henry W. Dahlberg, Jr. has been 


promoted at International Minerals & 
Chemical. His new post is adminis- 
trative manager, Agricultural Chemi- 
cals Division-Sales. 


S. David Ross has been named ad- 
vertising manager, Fischer & Porter. 
Formerly an account executive at 
Harris D. McKinney, Philadelphia 
agency, Ross was before that with 
Honeywell's Industrial Division. 


M. M. Reynolds takes over as director, 
sales and development, Cryogenic En- 
gineering. Active in the low tempera- 
ture field, Reynolds was first chair- 
man of the Annual Cryogenic Engi- 
neering Conferences. 


Richmond M. Stampley has become 
sales manager, West End Chemical 
(Stauffer). He was formerly manager, 


sodium sulphate and salt ‘cake sales. 


Necrology 
Marlin G. Geiger, 63, executive vice 
president and director of W. R. Grace 


& Co. He was also president and 
chairman of the Board of International 
Metalloids, Grace Puerto Rican sub- 
sidiary, and a director and Board 
Chairman of Caribe Nitrogen, Puerto 
Rican firm under Grace management. 
A member of ACS and AAAS, Geiger 
held directorships in the Manufactur- 
ing Chemists’ Association and in the 
National Plant Food Institute. 


PYROCON 


Equipment. ..material. ..metallic 
or non-metallic...flat, curved... 
revolving or stationary—you can 
read its surface temperature accu- 
rately in less than 3 seconds! 


Compact in size, complete in pre- 
cision design and workmanship, 
this rugged instrument assures the 
highest standards of speed, accuracy 
and dependability. Heavy-duty, 
shock-resisting movement is 
housed in a balanced unit that is 
easy to handle. ..reaches any point. 


Alnor Portable Pyrocons come 
in scale ranges to 2000° F., with 
thermocouples for every applica- 
tion. You'll find full details on the 
Pyrocon exactly suited to your 
operations in Bulletin 4257. Send 
for your copy now. Write: Illinois 
Testing Laboratories, Inc., Room 
573, 420 N. LaSalle St., Chicago 
10, Illinois. 


PRECISION INSTRUMENTS 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 7) 


FOR EVERY INDUSTRY 
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a | 
a | 
© 1 pint to 150 
2411-10 Gel. Double Arm Kneoder with two speed brake | 
moter. Jockaied trough ond meter operated lift eptions | 
\\ 
Adjustable outer scraper, cover with chorg- 
ing port, end gates on cons optional. 
© 8, 16, 20, 50 ond 
60 gol. sizes. 
190-250 Gel. Change 
Tonk Mixer with hydreviic 
raising and lowering and 
4 = voriable speed motor. Var- 
ious type end 
high speed impetions op- 
tenet. 
ve) 
| 
4 | 
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future 
meetings 


© Buffalo, N. Y., Aug. 14-17, 1960. Statler 
Hilton Hotel. 4th Mational Heat Transfer Con- 
ference & Exhibit. Sponsored by A.1.Ch.E. & 
ASME. A.1.Ch.E. _sponsored panel discussion 
on Diser Design Procedure & 
Piant Operation. Moderated by D. Q. Kern. 
Panelists: D. J. Bergman, Union Oil; C. H. 
Brooks, Sun Oil; ©. H. Gilmour, Union Car- 
bide Chem.; A. C. Mueller, Dupont, A.I.Ch.E. 
Papers to 8S. W. Churchill, U. of Mich., Ann 
Arbor, Mich. ASME papers to J. P. Hartnett, 
U. of Minnesota, Minneapolis, Minn. Exhibit 
info to P. A. Joleuvar, A.L.Ch.E., 25 West 45 
St., N. ¥. 36, N. ¥. 

@ Cambridge, Mass, Sept. 7-9, 1960. M.LT. 
Joint Automatic Control Conference. Spon- 
sored by AIChE. AIEE, IRE, ASME, ISA. 
For A.L.Chb.E. info refer to: W. H. Abraham, 
Eng. Exp. Sta., Dupont, Wilmington 98, Del. 
© Tulsa, Okla., Sept. 25-28, 1960. Hotel Mayo. 
A.A.Ch.E. National Meeting. Gen. Chmn.: E. 
W. Kilgren, Pan Am. Petrol. Corp., Tulsa, 
Okla. Tech. Prog. Chmn.: K. H. Hachmuth, 
Phillips Petroleum Co.., Bartlesville, Okla. See 
Page 94. 

Longview, Wash. Oct. 7, 1960. Pacific 
Northwest Section 4.1.Ch.E. One-Day Regional 
Meeting on general topics. Mtg. Chmn.: R. O. 
Bathiany, Weyerhauser Co., Longview. 

@ Washington, D.C., Dec. 4-7, 1960. Statler 
Hotel. A.1.Ch.E. Annual Meeting. Gen Chmn.: 
J. L. Gillman, Jr., 1700 K St., N. W., Wash 
6 DC. Tech: Prog Chma O. Myatt, 
Science Communication, Inc., 1079 Wisconsin 
Ave., N.W., Wash 7. D.C. Air Poliution— 
A. J. Teller, U. of Florida, Gainesville, Fia. 
Unsteady—-State Instrumentation—T. J. Wil- 
liams, Monsanto Chem. Co., St. Louis, Mo. 
Fluid Dynamics—A. C. Acrivos, U. of Cali- 
fornia, Berkeley, Calif. information & Com- 
munications—R. O'Dette, NSF, Wash., D.C. 
Nuclear Reactor Operations—R. L. Cummings, 


Atomics International, Canoga Park, Calif. 
Nuclear Chemical Piant Safety—C. E. Dry- 
den, Ohio State U., Columbus, O. Phase Tran- 
sitions—G. Bankoff, Northwestern U., Evans- 
ton, Ill. Sales Overseas—J. Costigan, 
Sharples Corp., sen Fifth Ave., 
17, N.Y. Ch ing—A Vital Link 
in Broadening the eos of Agriculture Crops— 
J. E. Simpson, U.S.D.A. Chemical Warfare— 
Dispersal of Materials in Aerosol Form—L. E. 
Garono, , Army Chem. Corps. Role of the 
in En 1 Health 
L. Faith, Air Pollution Foun- 
dation, 2556 Mission St.. San Marino, Calif. 
Feeding, Clothing, and Protecting the Combat 
Soidier—Leo Spano, Quartermaster R&Eng. 
Command, Natick, Mass. Phenomena Affecting 
Materials in Extreme Environments—J. 
Hearne, Air Force R&Eng. impact of Govt. 
Programs on Chemical Engineering Education 
—W. K. Davis, Bechtel Corp. Toxic Plant 
Construction—L. E. Garono, Army Chem. 
Corps. Potentialities of Fuel Cells as Power 
Sources—P. Greer, Army OOR. Saline Water 
Conversions—J. J. Strobel, OSW, Dept. Int. 
Chemical Engineering in the Mineral Industry 
—H. Perry, Chf. Bit. Coal Res. Br., U.S. 
BuMines. Rocket Propeliants—W. E. Sheehan, 


Chem.E.'s to present based 
J. M. Douglas, 
‘Montreal, P.Q., 


1961—MEETINGS—A.I.Ch.E. 


@ New Orleans, La., Feb. 26-March 1, 1961. 
Hotel Roosevelt, A.1.Ch.E. National Meeting. 
Gen. Chmn.: O, Wiedemann, Cyanamid, 
New Orleans, La. & H. E. O'Connell, Ethyl 
Corp., Baton Rouge, La. Tech. Prog. Chmn.; 
A. L. Regnier, Petroleum Chem. P.O. Box 
6, New Orleans 6, La. Brainstorming Tech- 
nical Space Tech- 


Industry on 

. A. Sherred, Monsanto 

Louis 66, Mo. Filtration— 

U. of Houston, Houston, Texas. 

Settiing—A. G. Keller, La. State _U.. 
Rouge, La. Future Pr T 4 

the Petroleum Industry—A. FP. Proc- 

ess Res. Div., ESSO. Education and Profes- 

sionalism—R,. P. Dinsmore, Goodyear Tire & 

Rubber Co., Akron 16, O. Mathematics in 

& 


DDRE. Economic Evaluation of New Pr 
—J. H. Hirsch, Guif R&D Co., P.O. Drawer 
2038, Pittsburgh 30, Pa. New Crystallization 
H. M. Schoen, American Cyana- 
1937 W. Main St., Stamford, Conn. 
Heat Transfer, Papers requested—M. Altman, 
Gen. Elec. Co., 3198 Chestnut St., Phila- 
delphia, Pa. 


1960—Non-A.|.Ch.E. 
Wash. Aug 8-11, 1960. Olympic 


Seattle, 
Meeting American 


Hotel. Western National 
Astronautical Society. Prog. Chmn.: R. M. 
Bridgeforth, Aero-Space Div., Boeing, Seattle. 
Buenos Aires, Arg., Sept. 12-16, 1960. Pan 
American Congress on E ir 

Sept. 19-23, 1960. 7th Convention of Pan 
American Association of Engineering Societies. 
Por info: G. A. Hathaway, Chmn., Comm. on 
International Relations, EJC, 29 West 39 St., 
N. Y¥. 18, N. 

©@ Quebec City, ‘Can. ay 6-9, 1960. Canadian 
Chemical Engi mee spons. by 
Ch.E. Div. CIC. Invitation extended to U.S. 


L. McIntire, Mathe- 
matical Eng. Assoc., 3108 Sweetbriar, Fort 
Worth 9, Tex. Evaluation of R&D Projects— 
L. A. Nicolai, 239 Parsonage Hill Rd., Short 
Hills, NJ. Liquid—tLiquid Extraction—R. B. 
Beckman, Carnegie Tech.. Pittsburgh 13, Pa. 


New Pr 
B. G. " Caldwell, Dow .. Plaquemine, 
La. Materials of Construction—R. V. Jelinek. 
Syracuse U., Syracuse, N.Y. Thermodynamics 
—J. J. Martin, Ch.E. Dept., Univ. Calif., L.A. 
24, Calif. Use of ‘Probability Mathematics in 
G. Bates, Atlas 
Powder Co., “ne Murphy Rd., Wilmington 99, 
Del. International Chemical Picture—L. Resen. 
CEP. Selected Papers—E. Mannings, Shell Oil 
Co., Norco, La. 
Deadline for papers: Sept. 5, 1960. 
© Cleveland, O., May 7-10, 1961. Hotel Shera- 
ton, Cleveland. Joint A.1.Ch.£. National Meet- 
ing with Ch.E.Div. 
Pforzheimer, Jr., Standard Ol) Co. 
Cleveland, O. Tech. Prog. Chmn.: R. Dins- 
more, Goodyear Tire & Rubber Co., Akron 16, 
continued on page 157 


ADD FLEXIBILITY, UTILITY TO CONVEYOR LINES 


with the SEMCO 


AUTOMATIC FLOW DIVERTER 


This diverter valve is the simplest, lightest, and most 
economical means of diverting a pneumatic stream 
from one point to another by electrical impulse. The 
valve is plant air operated, and controlled by a two- 
wire, four-way solenoid valve. The action of the valve 
is instantaneous, the seal is perfect, and there are no 
sliding parts requiring troublesome maintenance. The 
diverter valve is just one of the SEMCO specialties. 


Write for our catalog. 


SYSTEMS GNGINEERING & MANUFACTURING CO.. INC 


7634 


6330 WASHINGTON AVENUE 


IMPORTANT NOTICE 


DATE OF THIS NOTICE 


Progress, 25 West 45th Street, New York 36, New York. 


gineering 


If your address has changed, please fill out this form and mail to Chemical 


En 
EFFECTIVE DATE OF NEW ADDRESS 


wousTON 7 


NAME OF STATE 
NAME OF STATE 


SIGN NAME HERE 


STREET NUMBER, STREET NAME, POST OFFICE BOX NUMBER 
STREET NUMBER, STREET NAME, POST OFFICE BOX NUMBER 


NAME OF CITY OR TOWN 
NAME OF CITY OR TOWN 
PRINT NAME & MEM. REF. NO. 


For more information, turn to Data Service card, circle No. 9 
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Canada 
3 
nology 2aDs 30% i Angeies 
45, Calif. Kinetics of Catalytic Reactions— 
i M. Boudart. Princeton U Princeton, N.J. 
: ) 
| { 
“ECONOMICAL...f FAST-ACTING ... DEPENDABLE | 
! 
| | 
1, Joe Cook Bokery Service—Houston 5. Russell E. Schaumburg Co.—St. Louis 
‘ae 2. Glenn W. King Co.—Houston 6. J. E. Coleman Co.—New York | 
3. Jones industrial Co.—New Orleans 7. Sol Blum & Sons—Cleveland | 
4. James E. Stroupe Co —Atlonta 8. Arlie Corp.—Wichite, Konses i 
+ 


O. Petrochemicals as Starting Materials for 
Polymers—L. F. Marek, A. D. Little, 30 Memo- 
rial Dr., Cambridge 42, Mass. Fluid Mechanics 
—W. H. Gauvin, McGill Univ., Montreal, Que. 
Optimum Utilization of Pilot Piants—J. T. 
Cumming, School Eng.. Fenn College, Cleve- 
land 15, O. Process Dynamics (Theoretical)— 
R. M. Butler, Imperial Oil Co., Sarnia, Ont. 
Synthesis Pr for tsoprene—T. A. Burtis, 
Houdry Process Corp., 1528 Walnut 8t., Phila. 
2. Pa. Radioactive Materials for Process Con- 
. R. Bradford, College of Eng., Texas 
Tech. College, Lubbock, Tex. Process Dynamics 
(Applied)—L. M. Naphtali, Ch.E. Dept., Brook- 
lyn Polytech., Brooklyn, N. Y. New Synthetic 
Rubber Types—P. M. Lindstedt, Goodyear Tire 
& Rubber Co., Ch.E.Div., Akron 16, O. Coales- 
cence—R. Kintner, Illinois Inst. Tech., Chi- 
cago 16, Ill. Management Criteria for Capital 
investment—C. F. Prutton, Food Machy. & 
161 EB. 42d St.. New York 17, N. 
in Metal Refining—W. M. Campbell. 
Chem. & Met. Div., Atomic Energy of Can., 
Chalk River, Ont. Heavy Metal Mfr.—L. P. 
Scoville, Diamond Alkali, Union Commerce 
Bide... Cleveland 14, O. Applications of High 
Speed Photography—A. I. Johnson, Univ. of 
Toronto, Toronto 5, Ont. Bulk Fibrous Mate- 
rials—R. M. Christiansen, Stearns-Roger Mfg. 
» Denver, Colo. Pulp and Paper—J. L. 
McCarthy, Univ. Washington, Seattle 5, Wash. 
New Research Techniques—D. Hyman, Cyana- 
mid, 1937 W. Main St., Stamford, Conn. Mix- 
ing-Fundamentals—J Olshue, Mixing 
Equipment Co.. P. O. Box 1370, Rochester, 
N.Y. Mixing-Applications—E. E. Ludwig, Dow 
Chemical, Freeport, Tex. Cash Flow Methods 
in Economic Analysis—D. D. MacLaren, Esso 
Research & Engs, P. O. Box 215, Linden, 
Papers—D. J. Porter, Diamond 
, P. O. Box 348, Rech. Center, Pains- 
O. Student Program—H. B. Kendall, 
10900 Euclid Ave., Cleveland, O. 

Deadline for papers: Dec. 7. 1960. 
@ Lake Placid, N. Y., Sept. 24-27, 1961. Lake 
Placid Club. A.1.Ch.£. National Meeting. Gen. 
Chmn.: B. I. MacDonald, Jr.. G. E., Water- 
ford, N. Y. Tech Prog. Chmn.: E. R. Smoley, 
30 School Lane, Scarsdale, N. Y. Process Man- 
cial Chemical Development; 
Sales Engineering; Kinetics; Materials Han- 
dling; Growth Process industries; Organiza- 
tien of C ical Engineering in 
the Photographic Industry; Control of Corpo- 


rate Investment Costs; Techniques and Prac- 
tices in Plant Maintenance; Pilot Piants. 
@ New York, N. Y., Dec. 3-6, 1961. Hotel 
Commocore. A.1.Ch.E. Annual Meeting. Gen. 
Chmn.: L. J. Coulthurst, Foster Wheeler Corp.. 
666 Fifth Ave., New York 19, N. Y. Tech. 
Prog. Chmn.: A. V. Caselli, Shell Chem. Corp., 
50 W. 50 St., N. Y. 20, N. ¥. Heat Transfer; 
Management; New Processes; Nuclear Engi- 
neering; Water Pollution; Process Dynamics; 
rochemicals; Fluids; Fluidi 
+ Student Program. 


Unscheduled Symposia 


Correspondence on proposed papers is invited. 
Address communications to Program 
Chairman with each symposium below. 

°o ion of Process 


Equipment: Chen-Jung Huang, Dept. of Chem. 
Eng., Univ. of Houston, Cullen Blvd., Houston 
4. Texas. 

Solar Energy Research: J. A. Duffie, Director 
of Solar Energy Laboratory, Univ. of Wis- 
consin, Madison, Wis. 

Chemi of Solvent 
traction: G. H. Beyer, Devt, of Chem. Ens. 
Univ. of Mo., Columbia, Mo. 

Process Dynamics as They Affect Autome.<ic 
Control—D. M. Boyd, Universal Oil Prods., 
Des Plaines, Il. 
yg a E. Peck, Ill. Inst. of Tech., 330 
So. ral, Chicago, Ill 


Pian to Attend 

| The Petrochemical and Refining Ex- | 
position to be held in conjunction | 
with the National A.!.Ch.E. Meeting 
in New Orleans, Feb. 26-Mar. 1, | 
1961. The theme will be the Chemi- 
cal Engineer's role in design and | 
development of petroleum and pe- 
trochemical facilities. 


SAFE-SURE 


Liquid Level Control by 


LEVEL MASTER’ 


H your su source for a com to ne of 


controls of all types. The long-lasting magneti 
liquid level. 

e Models for all types of liquids. 

e Horizontal, vertical, external mountings. 

e Precision engineered for long life operation. 
For full information consult your Level Master 
representative or write directly to: 


Jo-Bell Products, Inc. 
5456 W. 111th St. Oak Lawn, iil. Phone GArden 5-0240 


Jo-Bell Products, Inc. 


5456 W. 111th St, Ook Lown, 
Send full information on Level Mester ond 


name of nearest representative. 


Jone__State__ 


For more information, turn to Data Service card, circle No. 36 
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THE 
ADDED 
FEATURES 


FILTER PRESS 


The Sperry Filter Press has its obvi- 
ous merits. In design, capacity and 
operating requirements—it’s custom- 
engineered perfect! In construction, 
it’s built solid—to last! In cost, it’s 
thrifty to own and maintain. 


But the Sperry Filter Press also has 
other qualities which manifest them- 
selves only after continual usage. When 
filtration requirements resulting from 
increased production, new products, 
varying batch size, cake washing and 
others arise, your SPERRY FILTER 
PRESS can usually be changed with 
a minimum of expense and down time 
to meet your requirements. With labor 
saving SPERRY CLOSING DEVICES 
and PLATE SHIFTERS complete con- 
trol is reduced to a one-mar operation. 


Get the full Sperry story without 
cost or obligation. See your Sperry 
field man or mail coupon for free 
Sperry catalog. 


D. R. SPERRY & COMPANY 


Batavia, Illinois 
Soles Representatives 
B. M. Pilhashy 
833 Merchants Ex. Bldg. 
Sen Francisco, Cal. 


Alldredge & McCabe 
847 E. 17th Ave. 
, Colorado 


Texas Chemical Eng. Co. 
4101 Sen Jacinto 
Houston, Texes 


The Gilbert Tramer Co. 1217 Main Ave. Cleveland, Ohic 


D. R. SPERRY & CO. dept. cer-7 
Batavia, Illinois 


Send Free Sperry Catalog 
(CD Have your Representative Contact us 


Nome 


Company 


Address 


City 


For more information, circle No. 35 
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our Chamber Controls—an ex ir broad 

: 4 J line of standard units. We also sp< e in custom 

* 808 Nepper 

Yonkers, N. Y 
— 
4 


Need 1 to 44 Microns? 


Sturtevant Micronizers* 
Make 325 Mesh Obsolete 


FEEDER 
FEED CTION AIR 


2 
ERRY AIR 
AR 
= 
an 


RECEIVER 


5 
PRIMARY PRODUCT 
COLLECTOR 


Pacer | 


One Operation 
Reduces, Classifies 


Sturtevant Micronizers 
grind and classify in one 
operation in a single cham- 
ber—provide fines in range 
from % to 44 microns to 
meet today’s increased prod- 
uct fineness needs. Can han- 
dle heat-sensitive materials. 
Production Model 
(15 in. chamber) 
No Attritional Heat 
Particles in high speed rotation, propelled by 


at 
to periphery, grind each other by violent impact. 
Design gives instant «accessibility, easy cleaning. 
No moving parts. 
Classifying is Simultaneous 


Rate of feed and pressure control particle size, 


Eight Models Available 
Grinding chambers range from 2 in. diameter 


Production 
For full description, request 
Bulletin No. 09 


Engineered for Special Needs 
A 30 in. Sturtevant Micronizer is reduc- 
ing titanium dioxide to under 1 micron at 
feed rate of 2250 Ibs, per hr. For another 
firm, a 24 in. model grinds 50% DDT to 
3.5 average microns at a solid feed rate 
of 1200-1400 Ibs. per hr. A pharmaceutical 
house uses an 8 in. model to produce 
procaine-penicillin fines in the 5 to 20 
micron range. Iron oxide pigment is being 
reduced by a 30 in. Micronizer to 2 to 3 
average microns. 
Sturtevant will help you plan a Fluid- 
Jet system for your ultra-fine grinding and 
classifying requirements. Write today. 


Can Test or Contract 
Micronizing Help You? 
Test micronizing of your 


STURTEVAN!T MILL 
Co., 135 Clayton St., 
Boston, Mass. 


"REGISTERED TRADEMARK OF STURTEVANT MILL CO- 
For more information, Circle No. 30 
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industrial 
news 


Plans for a pharmaceutical manufac- 
turing plant in Karachi, Pakistan, are 
underway. Through its subsidiary, 
Lederle Laboratories, American Cy- 
anamid will produce antibiotics, 
sulfas and nutritionals at the new 
facility. Already approved by the Pak- 
istani government, the $% million plant 
is expected to go on stream by the end 
of 1960. Operations will include 
packaging, tableting, encapsulating, 
as well as formulating drug products 
for the Pakistani market. 


An expansion program underway at 
Naugatuck Chemical Division, U. S. 
Rubber, will raise the Painesville, 
Ohio, plant capacity for producing 
plastisol- grade vinyl resins by more 
than 30 percent. This brings it to 65 
million pounds a year. 


A $6 million technical center planned 
by Pennsalt Chemicals at King of 
Prussia Park, Philadelphia, Pa., will 
have as first part of the complex a 
21,000 square foot laboratory devoted 
to product development and technical 
service. 

Expansion am now underway at 
Michigan Chemicals takes in acquisi- 
tion of Metropolitan Laboratories, 
injectable drug firm, as part of its 
ethical pharmaceut-chemical division. 
Also in the works are plans to double 
the capacity of the bromine plant 
which Michigan owns, along with 
Murphy, at El] Dorado, Arkansas 
Construction is already underway. 


New facilities at Western Petrochemi- 
cal’s refinery include a TCP Wax 
Treater Process Unit. One of the first 
of its kind, the unit provides continu- 
ous bleaching of wax products instead 
of conventional batch bleaching. Also 
near completion at the Chanute, 
Kansas, refinery are a poe de- 
asphalting unit and additional vacuum 
distillation units. 


In a merger between Texas Butadiene 


& Chemical and Industrial Rayon, the 
latter firm will acquire Texas Buta- 
diene for approximately 1,675,000 
shares of common stock of Industrial 
Rayon. 


A Step-up in Witco Chemical’s Euro- 
pean expansion program affects opera- 
tions both in England and on the 
continent. Acquisition of minority 
interest in Witco Chemical Ltd., its 
English subsidiary, election of the 
managing director to the parent com- 
pany’s board of directors are recent 
developments. 


TURBINE 
GEMICAL 
PUMPS @) 


A aT SOFT 
T 


at oft 


| 


THE PERFORMANCE CURVE 
TELLS THE STORY! 


ROTH Turbine Chemical Pumps are 
of single or two stage horizontal design, 
end-mounted for easy access. They are 
noted for their dependability and con- 
tinuous high pressure service in the 
movement of clear liquids up to 100 cp 
viscosity under differential pressures up 
to 550 PSI . . . The single-stage turbine 
chemical pumps develop pressures com- 
parable to those of multi-stage centrifu- 
gals and have established records for 
service under the most adverse condi- 
tions of corrosion and temperature sur- 
a those of far more costly pumps 
. Two-stage end-mounted chemical 
umps are also available for a range 
rom 300 PSI to 550 PSI differential 
pressure. 


OW LuBRICATED— Pumps have extra 
heavy, oil-lubricated ball bearings and 
shaft—are fitted with ASA rated 
flanged connections. Available with 
John Crane Seals, Dura-Seals, or pack- 
ing. (Stuffing box easily demountable.) 


RANGE Temp: — 60° to 
Head: 20 to 1200 ft. + 600° F. 
Diff: 0 to 550 : % - 30 BHP 
Cap: 1 to 140 GPM Nosh. as low as 3 ft. 
USAGE 
Hot and cold water Liquified Gases 
Acids Solvents 
Caustic Solutions Hyd 
MATERIALS To Order: 
Stock Parts: 304SS; 347SS; monel; 
316SS; Hast. C; Cl; nickel; Ni-resist; 
steel; and bronze. FA20 
. Write for 
Technical 
Bulletin #100 


NPSH, seal, 
mechanical data 
ROTH Chemical 
s— plus perform- 
ance curves on al! 
sizes. 


ROY E. ROTH COMPANY 
TURBINE PUMP DIVISION 
2440 FOURTH AVENUE, ROCK ISLAND, ILL. 


For more information, circle No. 19 
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Mathis, James F., Baytown, Texas Coats, Keith Hal, Ann Arbor, Mich. 
A I Ch.E McElroy, Patrick O., Geismar, La. Cochran, Jerry R., ten ay N. *: 
McLaughlin, Howard K., Houston, Texas Coe, Benjamin P., Schenectady, N. Y. 


Candidates Murray, J. E., Texas City, Texas Converse, Alvin 0., Newark, Del. 


The followi list candidates for the axton, R, t. Marys, Pa. zutto, Frank, Pittsburgh, Pa. 
in ALCh.E. San Jose, Calif. DiBenedetto, Anthony ‘Thomas, Madison, Wisc. 
recommended for election by the Committee on ‘orter, Robert, Bethesda, Md. Doerge, Herman P., F itteburgh, Pa. ‘ 
- Admissions. These names are listed in accord- Reagan, W. 7 Jr.. Beaver, Pa. om. Joseph H., Elizabeth, N. J, 
ance with Astiste fit, Section 8 of the Consti- Riggie, John W., Newark, Del. wyer, Joseph J., Everett, Mase. 
tution of AI.ChE Rollins, Kenneth’ B., Bish Texas Earle, Alli N., Lak exas 
Objections to the election of any of these Resenbe Port Fenes Ellis, Paul 
candidates from Members and Associate Mem- Rowland. bolton” W., Linden, N. J. Engelhardt, E. H., Springfield Gardens, N. Y 
bers will recewe carefully consideration if re- » Nv. Y, 
ceived before August 15, 1960, at the office of Sala, Louis M., Lowiaville, Ky. Finacune, Edward W., Stockton, Calif. 
the Secretary, AJ.Ch.E., 25 West 45th Street, py ee Cc. William, Bethlehem, Pa. Fisher, Fred D., Richland, Wash. 
New York 36, N. Y. Sidebotham, Norman C., Decatur, Ala. Fleet, George H., Philadelphia, Pa. 
Stallings, U. Urban, Casper, Wyo. Flint, Robert W.. Monsanto, 
MEMBER Steiner, U. A., No. Plainjield, N. J. Fox, Mylo G., Dickinson, T 
Ahlich, Harold G., Gestiont, Ohio Stover, Albert M., Ouford, Conn. Fulton, William P., 
Allan, J. W.., Freeport, Texas rn Swift, W. H., Richland, Wash. Funk, John L., Jr., Port Arthur, Texas 
Andersen, A. Eric, ‘a. > a 
Baer, Alva D., Salt Lake City, Utah Wott. om Gerhart, James M., Freemont, Calif. 
Baldwin, Thomas L., Madison Heights, Va. Williams, Theodore J., Kirkwood. Mo Glauner, Alfred W., Hillside, N. J. 
Barrett, J. H., La Marque, Texas Wilmarth A. W ‘Marshall Texas ; Goldberg, Robert S., Brookiyn, N. Y. 
Bowden, William S., Tulsa, Okla. Wood, David H. Broa Mawr, Pe Green, Robert N., Brooklyn, N. Y. 
Burnham, J. G., Wheatridge, Colo. 4 W. Va. 
J ASSOCIATE MEMBER reenberg, David B., Annapolis, 4 
Carlson, Robert H., Calif. Greene, Alt Saward. G N 
Christianson, Thomas K., Marinette, Wisc. Alderdice, Robert Paul, Pittsburgh, Pa. 
Clelland Wm. M., Jenkintown, Pa. Amatangelo, Anthony 5., Clairton, Pa. - Griffin, Donald C., Pittsburgh, Pa. 
Clemmer, J. Bruce, Salt Lake City, Utah “A Long N. Y. Grimm, Donald C., Rochester, Pe 
Danzberger, Alexander H., Tonawanda, N. Y. Anderson, Larry W., Le Marque, Texas Mees. 
Duke, Alan R., Pasadena, Texas Anderson, Norman E., Kingeton, Ont., Can. Ge 
Eichho Anderson, Robert N., San Francisco, Calif. 
nie rn, Jacob, Midland, Mich. Andereca, RB. T.. PR, Ala. Guzik, Norman D., Baten Rouge, La. 
Harden, Wm. D., Ill, Augusta, Ga. 


Feder, Raymond L., Philadelphia, Pa. Barrera Rueda, Alvaro, Barrancabermeja, Harris, Dougias M., Haddonfield, N. J 
Gilmont, Roger, Douglaston, N. Y. Colombia Harri Gilbe Pitt Pa. 
Gross, Irving J., Hamden, Conn. Bauer, Donald J., Minneapolis, Minn. Hay - s Neil Chillic the Ohi o 
Bauer, Jerome L., Jr., University Park, Pa. } 
Herbst, Harold John, St. Louis, Mo, Becker, Fred, Jr.. Chicago, fenriksen, John A.., Va, 
Johnson, Gene A., St. Paul, Minn. Bernsen, Sheldon, Chicago, Ill. Weyncsdoro, Ve 

Knoblauch, K. Russell, Trenton, N. J. Bryson. Millard Charles Pa. Hopper, E. E., Borger, Texas 
I pton, Robert E., Oak Ridge, Tenn ’ . Hummel, Richard Line, Ann Arbor, Mich. 
Lashley ‘Lathar Pittsburgh Camp, David Rochester, N. Y. Huska, Paul A., Allentown, Pa. 
Longsworth, Clyde B., Wilmington, Calif. Campbell, M. Pitteburgh, Pa. Huxtable, R. L., Bartlesville, Okla. 4 

Caruso, Frank - Woburn, Mass. Indiveri, Richard L., Hedd Heights, N. 


Maier, William J., Jr., Clifton, N. J. Caviechia, Michael A., Turtle Creek, Pa. d ; 
Marshall, D. W., Montreal, Que., Can. Clark. Thomas H., Kingsport, Tenn. continued on page 160 


PROTECT 
YOUR COPIES 
UNIFORMITY .. 


LIBRARY 
BINDER 


$350 MIXER 
IS STILL THE LEADER 


ven A uniform mix is assured time after 


CHEMICAL ENGINEERING PROGRESS © Dry end Semi- 
25 West 45th Street * New York 36, New York Wet Chemical ' the formula, and with laboratory 
Powders exactness. if the formula is right 
Please send me ... . binder(s) for 1947-1948-1949-1950-1951-1952- @ Agricultural —the MARION MIXER will mix it 
1953-1954-1955-1956-1957-1958-1959-1960 (encircle year) at $3.50 Chemicals ' with complete accuracy 

each. Remittance of $ is enclosed, (Residents of New York © Materials for the ' 

City please add 3% sales tax. Foreign purchasers may remit by Plastics Industry a ee ee nae 
draft on New York bank.) @ Materials for any type of chemical materials 
PRINT NAME Chemical and give a top quality mixed pro- 

Processing Plants duct at less cost. 


ADDRESS © Sweeping j 
Send Today For Free Descriptive Literature 
STATE OR COUNTRY @ Pharmaceuticals RAPIDS MACHINERY COMPANY 


Fertilizers 875 11th Street Marion, lowa 
For more information, turn to Data Service card, circle No. 128 
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See NIAGARA 
“AIR METHOD” EQUIPMENT 


AT THE 
HEAT TRANSFER EXHIBIT 
National Heat Transfer Conference 
Statier-Hilton Hotel, Buffalo, N.Y. 
August 14-17, 1960 


This AIR-COOLED 
CONDENSER produces a 
HIGHER VACUUM 


@ Using air as the cooling medium, 
the Niagara Aero Vapor Condenser 
produces a higher vacuum than 
other type condensers, and with 
more economy of power and steam. 
It sustains its full capacity in cool- 
ing or condensing with no more 
than a nominal cooling water require- 
ment, eliminating entirely your prob- 
lems of water supply and disposal. 
It holds constant the liquid or va- 
por temperature producing always 
uniform products and giving maxi- 
mum production. 
Non-condensibles are effectively 
separated at the condensate outlet, 
with sub-cooling, after separation 
for higher vacuum pump efficiency. 
Niagara Aero Vapor Condenser 
can be mounted directly on the steel 
structure of your evaporator or dis- 
tillation column. Its operation is 
dependable; its maintenance is not 
troublesome or expensive. 
For more information write for Bulletin 129R 


NIAGARA BLOWER COMPANY 
Over 35 years of Service in Industrial 
Air Engineering 
Dept. EP-7, 405 Lexington Avenve 
NEW YORK 17, N. Y. 
District Engineers 
in Principal Cities of U. S. and Canada 
For more information, circle No. 52 
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A.|.Ch.E. candidates 
from page 159 


Jaw, Luis, Ohio 

Johnson, John L., Jr., Houston, Texas 
Johnson, Marion N.. Texas City, Texas 
Jones, Wayne E., El Segundo, Calif. 


Kacmarik, Paul, Clairton, Pa. 
J., Delaware City, Del. 
Keith, James R., Bo Colo, 


Kennedy, John M., Pittsburgh, Pa. 
Keys, Gene C., Lowieville, Ky. 
Kirkiand, Robert S., Aiken, 8. C. 
Klauss, Howard C.. Pittsburgh, Pa 
Klein, Philip H., Jr., Gulf Breeze, Fla. 
Kopnisky, James R., Pa. 
rause, Robert E., Redo Beach, Calif. 
Kweller, Esher, N. Braddock, Pa. 

Kyle, Robert J., Atlanta, Ga. 

Kyssa, Yuri, Montreal, P.Q., Can. 


Lathi, G., Bombay, India 

Lazar, oS i, Philadelphia, Pa. 

Lederman, Saul, Forest Hills, N. Y. 
ine, Howard, Philadelphia, Pa. 

Lin, K. H., Toledo, Ohio 

Long, Laurence J., Wilmington, Del. 

Lowe, George W., Baytown, Texas 

Lugli, John James, New York, N. Y. 


Maharajh, Andrew D., Trinidad, B. W. 1. 
Manwiller, Carl H., Wilmington, Del. 
Marto, Musa Hopkins, Minn, 
Matesa, John M., McKeesport, Pa. 
Mathues, Theodore P., Donora, Pa. 
Maueceri, Frank X., Bayonne, N. J. 
Maugeri, Anton F., Jr., Oaklyn, N. J. 
May, Guy Z., Jr., Kansas City, Mo. 
MeAleer, B. F., Jr., MeKees Rocks, Pa. 
McAvoy, Richard M., Chicago, Ii. 
McConnell, J. Alvin, Ridley Park, Pa. 
Meyers, Steven C., Belle Plaine, lowa 
Movers, Charles G., Jr., So. Charleston, 
a. 


Nemes, » Ne Bs 
Nemeth, Andrew, Jr., Pittsburgh, Pa. 

Newingham, Thomas D., Pittsburgh, Pa. 
Nichols, Raymond E., Indian Head, Md. 


Owoec, Henry J., McKeesport, Pa. 


Park, Marvin S., Beawmont, Texas 
Parker, Philip R., Monsanto, Il. 
Patarlis, Thomas G., Gienshaw, Pa. 
Peltzman, Alan, Bronx, N. Y. 

Pikulin, John R., Springdale, Pa. 
Poirot, Eugene E., Baytown, Texas 
Polasko, J. Kenneth, E. Pittsburgh, Pa. 
Popovich, Jane S., New Brighton, Pa. 
Poreelli, Joseph V., Jr., Bronz, N. Y. 
Porinchak, Joseph F., Johnstown, Pa, 


Quinn, John A., Urbana, Il. 


Ravida, Raymond F., Johnstown, Pa. 
Richardson, F. M., Raleigh, N. C. 
Roaper, R. B., Il, Corpus Christi, Texas 
Robbins, Martin D., San Francisco, a 
Robertson, Alexander S., Syracuse, N. 
Rosensweig, Ronald E., ‘Cambridge, 


Sacerdote, Albert M.. Teaneck, N. J. 
Sadler, Robert W., Pittsburgh, Pa. 
Salvati, Joseph A., Philadelphia, Pa. 
Sanchez-Palma, Rosendo J., Campeche 
Campeche, Mexico 
Schlieper, Howard D., New Kensington, Pa. 
Schubele, Charles W., ITI. Yeadon, Pa. 
Shapiro, Leonard, Bryn Mawr, Pa. 
Shapiro. Stanlev, New Haven, Conn. 
Shook, E. Graham, W. Lafawette, Ind. 
Shrode, Wm. A., San Jose. Calif. 
Sierka, Ravmond A., Werford, Pa. 
Skowron. Richard L., Detroit, Mich. 
Smelas, William A., Jr., Leetsdale. Pa. 
Smorada, Robert F.. Greensburg, Pa. 
Stein, Harold Arthur, Niaoara Falls, N. Y. 
Stewart, Pani, Amherst. Va. 
Stovall, William B., Houston, Teras 
Strart, Rohert L.. Chalmette. La. 
Sndekum, ‘ohn H., McKeesport, Pa 
Swanson, Theodore G., McKeesport, Pa. 


Tamilin. Peter W.. Creston. B. C.. Can. 
Thompson, Richard E., Stillwater, Okla. 


Walstead, Wm. J., Jr., Baytown, Texas 
Weissert, McKeesport, Pa, 
Wiech, Lawrence A., Pittsburgh, Pa. 
Wilson, George J., Jr. Groves, Texas 
Wise, Donald Lee, Pittsburgh, Pa. 
Wolford, Fred V., Houston, Texas 
Woodall, Thomas J., Carnegie, Pa. 
Donald R., Madison, Wisc. 


Young, Donald R., St. Louis, Mo. 
Young, Henry C., "Jr. Akron, Ohio 


Zeman, Charles E., Jr., Pittsburgh, Pa. 
Affiliate Grade 


Hall, Joseph W., New York, N. Y. 
Hermann, E. R., Baytown, Texas 
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BE SURE OF A 
PERFECT CONICAL 
SHAPE SPRAY 
ALL THE TIME 
WITH MONARCH 


For a perfect spray, many plants 
prefer Monarch nozzles. 


These advance design nozzles re- 
duce clogging and guarantee de- 
pendable applications to .. . 


© ACID CHAMBERS 
© AIR WASHING 


© CHEMICAL 
PROCESSING 


COOLING PONDS 
DESUPERHEATING 
GAS SCRUBBING 
HUMIDIFYING 
SPRAY DRYING 


Send for Catalog ! 


MFG. WORKS, INC. 


GAUL STREET. 
PHILADELPHIA 34, Pit. 


8&7 


For more information, circle No. 
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.... now availabie 


A.LCh.Ev’s second 


Computer Program Manual 


. .. describes a program that essentially 
will completely design, including sizing 
the nozzle, a shell-and-tube heat ex- 
changer or cooler, with liquid on both 
the shell and tube sides. It can also be 
used to calculate the pressure drops 
and over-all coefficient in checking an 
existing exchanger for a new service. 


The program uses standard methods. 

The program listing is given for a 
basic 18M 650 computer; however the 
complete description of the calculation 
procedure and the logic diagram in- 
cluded will facilitate its translation for 
use on other computers 


CONTENTS 
@ Description of program 
@ Diagrammatic flow chart 
@ Program details and operation 
@ Notation 


American Institute of Chemical Engineers 
25 West 45 Street 


New 


Please send me 
© No. 1. Line Sizing ($380) 
Exchanger Design ($50) 


©) Please send me the manual(s) checked above for a 10-day free 
examination. I will return it (them) at the end of 10 days, 


or 


Name 


Position 
Company 


York 36, New York 


(Add 3% for delivery in New York City.) 


you may bill me. 


copies of the following manuals: 
OO No. 2. Liquid—Liquid Heat 
0 Enclosed is my check for $——— 


@ Literature cited 

@ Block diagram 

@ Deck listing 

@ Sample problem—new exchanger 


@ Sample problem—existing ex- 
changer 


@ Process engineering interpretive 
coding system 


send today for your copy 


of the Liquid—Liquid Heat Ex- 
changer Design Manual. Also 


<> 


State 


available is the first AJ.Ch.E. 
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Computer Program manual, on 
Line Sizing. 


July 1960 


Price: 
DESIGN: |. — 
{ 
| 
Street 3 


CLASSIFIED SECTION 


Address Replies to Box Number care of: 
CHEMICAL ENGINEERING PROGRESS 
25 West 45th Street 
New York 36, New York 


SITUATIONS OPEN 


EXPANSION AND GROWTH 
highlight 
research and development opportunities 
for 


CHEMISTS AND ENGINEERS 


Progress pervades the academic and stimulating atmosphere surrounding the 
GENERAL CHEMICAL research facilities in scenic and historic Morristown, 
New Jersey.’ 

Located 40 miles from New York City, this community of approximately 
20,000 is surrounded by wooded countryside, famous from Revolutionary 
days. GENERAL CHEMICAL’S expanding research activities in a variety of 
civilian areas offer opportunites for professional accomplishment and recog- 
nition to chemists and chemical engineers at all levels of education (B.S., 
M.S., or Ph.D.) and experience. 


Send resume or inquiries to 
MANAGER OF PROFESSIONAL PERSONNEL 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL CORP. 
40 Rector St., New York 6, N. Y. 


ENGINEERS 


Mechanical, Chemical and Extractive Metallurgical en- 
gineers with outstanding qualifications to fill production, 
development and engineering positions in processing 
plants located at Rifle and Uravan, Colorado. 

Send resume and copy of college transcript to: 


UNION CARBIDE NUCLEAR COMPANY 


Division of Union Carbide Corporation 


P. O. BOX 1049 
GRAND JUNCTION, COLORADO 


Florida 
Opportunity 


Maintenance Superintendent—¢rad- 
uate engineer in field of mechani- 
cal, chemical or industrial required. 
Ten years of progressively respon- 
sible maintenance experience, five 
of which in direct supervision in 
chemicals, refining, or related. Cap- 
able of administering complete 
maintenance department long-range 
Planning, budgeting. and related. 
Excellent working conditions and 
employee benefits. Submit full de- 
_tails cf background, training, mini- 
mum salary requirements and re- 
cent photograph in first letter. All 
replies confidential. 


Address 


Personnel Supervisor 
P. O. Box 1115 
Bartow, Florida 


SITUATIONS WANTED 
A.l.Ch.E. Members 


CHEMICAL ENGINEER-—-BS.Ch.E. also B.S. 
Chem., newly graduated, upper quarter 
academic standing, single, age 24. Seek 
career position as trainee in process de- 
velopment and design, pilot plant, plant 
start-ups and improvements. Box 8-7. 


8.S.Ch.E., 1950—Age 35, family, Presently with 

major refiner Technical Service. Back- 
ground in polymer and rubber product 
development, economic analysis, petroleum 
and petrochemical processing. No geo- 
graphic limitation. Excellent references. 
Publications. Proven ability. Box 9-7. 


CHEMICAL ENGINEER—-Ph.D. ChE., desire 
teaching position in fields of unit processes, 
plant design, industrial chemistry and/or 
chemical economics. Twenty years’ broad 
experience. Location secondary to strong 
sraduate program and consulting privi- 
leges. Box 10-7. 


CHEMICAL ENGINEER—31, family. Course 
work completed for Ph.D. Finances require 
discontinuance of studies. Strong organic 
background (M.S8.). Five years’ experience 
R & D. Interests include agricultural, 
biological, food sciences. Prefer West or 
Midwest. Available Sept. Ist. Box 11-7. 


CHEMICAL ENGINEER—B.S. Four years’ pe- 
troleum refinery experience, including pilot 
plant studies, troubleshooting. operating 
supervision, some maintenance, economics 
and forward planning. Desire supervisory 
position medium sized oil or petrochemical 
company. Resume on request. Box 12-7. 


CHEMICAL ENGINEER—PhD. age 31, six 
years’ varied experience in petroleum, petro- 
chemicals, organic chemicals, extractive 
metallurgy. Process research and develop- 
ment, some process design. Seek respon- 
sible, challenging position utilizing experi- 
ence and knowledge with advancement 
opportunity. Prefer eastern or foreign loca- 
tion. Box 13-7. 
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San 
Francisco 


Refinery and Chemical Divi- 
sion offers immediate employ- 
ment opportunities for me- 
chanical, chemical or instru- 
mentation engineers capable 
of assuming responsibility on 
design of major petrochemi- 
cal, refinery or similar proc- 
essing units. 


Relocation allowances cover moving costs 
plus transportation reimbursement for 


you and members of your family. If 
you have an interest in a San Fran- 
cisco assignment, please send a resume 
of experience, including your present 
and required salary, to George I. Cope- 
land, Manager of Personnel. 


Bechtel 
220 Montgomery Street 
: SAN FRANCISCO 


CREATIVE CHEMICAL ENGINEER—Pb.D. 
maneging $1.5 million research and semi- 
works budget in heavy process industry, 
seeking bigger responsibilities in manage- 
ment, research or general. we consider 
foreign assignment. Box 14-7 


APPLIED STATISTICS AND CHEMICAL EN- 
GINEERING—-B. S. and M. &S. in chemical 


engineering. About 50% completed M. 58. 
in statistics. Interested in organizing group 
for effective use of statistics in research, 
process t or 

turing Box 15-7. 


CHEMICAL ENGINEER—B.S. 1952. MS., 
1956, age 32. Eight years’ experience in 


inorganic research, hydrometallurgy, heat 
transfer, electrochemical special purpose 
batteries and quality control. Desire de- 
velopment or design position and will re- 


4 locate internationally for good opportunity. 
i Box 16-7. 
CHEMICAL ENGINEER—BS.ChE. age 25. 


ree years’ experience in the formulation 
and application of epoxy resin systems. 
This experience slanted toward the needs 
of electrical manufacturing firms. Desire 
Position with growth potential. Box 17-7. 


y INSTRUMENT SYSTEMS ENGINEERING— 
B.Ch.E. "51, age 38. Nine years’ experience, 
Process development, instrumentation, proc- 
ess and project engineering, responsible 
charge plant engineering. Seeking perma- 
ment career affiliation with organization 
interested in automatic control system engi- 
neering. Present salary in five figures. 
Box 18-7. 


MARKET RESEARCH—B.ChE.. MBA. 1960. 
Ase 33. family. Eight years’ diversified 
R & D experience in chemical, plastics 
and food industries. Desire to enter market 
research or development field. N.Y.C. area 
preferred. Box 19-7 


CHEMICAL ENGINEER—B.ChE. 1959. age 
23, single, draft deferred. Experience in 
vinyl emulsion polymerization. Desire chal- 
lenging position with growth potential. 
Location N.Y. metropolitan area. Box 20-7. 


(continued on page 164) 


An Invitation To Join 
ORO...Pioneer In 
Operations Research 


Operations Research is a young science, earning recog- 
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psychole- 
gists, and others working on teams to synthesize all 
phases of a problem. 


At ORO, a civilian and non-governmental organiza- 
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 


No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO’s 
research findings have influenced decision-making on 
the highest military levels. 


ORO’s professional atmosphere encourages those 
with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
“program” their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 

ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro- 
motions are based solely on merit. The “fringe” benefits 
offered are ahead of those given by many companies. 


The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Bethesda suburb in which ORO is lo- 
cated. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 


For further information write: 
Professional Appointments 


OPERATIONS RESEARGH OFFICE 


{ORO} The Johns Hopkins University 


6935 ARLINGTON ROAD 
BETHESDA 14, MARYLAND 
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— CYANAMID 


available. 


Reply to: 
MR. B. R. DICAPRIO 


Bound Brook, N. J. 


M. S. or PH. D. 
CHEMICAL ENGINEER 


With a knowledge of and interest in 


APPLIED MATHEMATICS 


AND 


STATISTICS 


To work in a mathematical analysis group consulting with 
process development and process improvement on funda- 
mental process studies. Experience with an analogue com- 
puter desirable. An IBM-650 and programming staff 


AMERICAN CYANAMID COMPANY 
ORGANIC CHEMICALS DIVISION 


Qg Chemicals on the move... 


A 20-million dollar plant e 
Brandenburg, Kentucky, facilit 


nsion at our 
es has resulted 


in several openings for chemical engineers in 


both development and operations. 


DEVELOPMENT 


PROCESS DESIGN—=3 to 5 years’ ex- 
perience in petroleum, petrochemical, 


or organic chemicals research and de- 
velopment. Positions will include cost 
estimating, evaluation of new process- 
es, design of pilot plants, transition 
from development to production. 


PILOT PLANTS—0 to 5 years’ ex- 
perience. Positions include design, con- 
struction and operations of pre-pilot 
and pilot plants. 


OPERATIONS 


PROCESS DESIGN—3 to 5 years’ 
experience in petroleum refining, 
petrochemical or organic chemical pro- 
cessing. Positions will be in such areas 
as plant and process design, project 
engineering, field installation and 
plant startup. 


PRODUCTION—=3 to 5 years’ experi- 
ence for positions at various levels of 
production supervision. 


Send resume and salary requirements to 


P. Street 
Olin Mathieson Chemical Corporation 
P. O. Box 547 
Brandenburg, Kentucky 


July 1960 


SITUATIONS WANTED 
A.l.Ch.E. Members 


(continued from page 163) 


CHEMIST & ENGINEER—M.ChE., 1951. 
Licensed engineer. Sixteen years’ broad ex- 
perience, R&D, process design and develop- 
ment, pilot plant, product management 
plant and project engineer. Plastics. rubber, 
polymers, adhesives, organic chemicals. 
N.Y. City $10,000 Minimum. Box 21-7. 


CHEMICAL ENGINEER—B.ChE. 1941. Uni- 
versity of Minnesota. Eighteen years’ ex- 
perience in air cleaning with some dust 
control and air flow. Have some knowledge 
of fine particle technology. Desired salary 
£10,000. Box 22-7. 


CHEMICAL PLANT MANAGER—B.Ch.E.. of- 
fers intensive experience in the field of 
polymers and plastics plus a solid back- 
ground in administration. At present, works 
manager of multi-product chemical plant. 
Desire high level management position. 
Box 23-7. 


CHEMICAL ENGINEER—P.E.. graduate work 
high polymers, thirteen years’ R&D bench 
scale, production, and use high polymers. 
Three years’ production supervision basic 
chemicals. Seek management position East 
hor or foreign. Salary over $10,000. Box 
24-7. 


CHEMICAL ENGINEER—M5S., seek su- 
pervisory or senior position in planning or 
project engineering in New York City 
vicinity. Ten years’ experience includes 
planning, economic appraisal. process de- 
sign and development in petroleum, petro- 
chemicals and process equipment. Present 
salary $10,700. Box 25-7. 

REFINERY PROCESS ENGINEER—B.S.ChE., 
age 33. Nime years’ process engineering and 
operating supervision with major refiner, 
three years’ chief process engineer with 
modern independent. Experience covers de- 
sign, process operation, process engineering, 
and most phases of modern petroleum re- 
fining. Looking for engineering or opera- 
ting assignment. Current salary $14,000. 
Box 26-7. 


CHEMICAL ENGINEER—B.Ch.E., 1944. Desire 
challenging position at the management 
level with a progressive company. Sixteen 
years’ experience in process and project 
engineering, including high level technical 
sales for the chemical, petroleum and 
allied industries with the last six years at 
supervisory capacity. Box 27-7. 


CHEMICAL ENGINEER—36, Sc.D., M.LT., @ 
prospective U. 8S. citizen. Experience in 
process development, design, teaching and 
research. A dozen patents in inorganic 
processes. Looking for a challenging posi- 
tion in process development. engineering 
research or design. Available in August. 
Box 28-7. 


CHEMICAL ENGINEER—BS.ChE. Age 48. 
Nineteen years’ diversified technical and 
supervisory experience in process and 
project engineering, process development 
and production of fine organic chemicals. 
Desire administrative position in engineer- 
ing or production. Box 29-7. 


CHEMICAL ENGINEER—B.S.Ch.E., 1957. Age 
25. family. Three years’ experience pilot 
plant and process engineering. Desire chal- 
lenging and resronsible position in chemi- 
ed related industry. Will relocate. Box 


CHEMICAL ENGINEER—Ten years’ experi- 
ence in petrochemical and petroleum 
economics. Seven years’ technical aid to 
Production during construction, start-up 
and operation of petrochemical plant and 
uranium isotope separation plant. Desire 
— with oil or chemical company. 

x 31-7. 


CHEMICAL ENGINEER—Sc.D. Five years’ 
petroleum research experience in process 
design and economic evaluation. Knowledge 
of kinetics and computer applications. 
Seeking responsibility and opportunity in 
expanding chemical company. Box 32-7. 

MANAGER OF ASSISTANT MANAGER—for 
oil refinery, chemical plant, or engineering 
department; twenty years’ experience in 
these fields, with both major and 

dent oil o mies; age 42; desire more 
challenging position. Box 33-7. 
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Process Control Engineer 


gineer in development and application of 
automatic controls to petroleum refining 
processes. Applicant sheuld be chemical 
engineer with electronic experience or 
electronics engineer with process experi- 


ESSO RESEARCH & ENGINEERING 


UNIVERSAL OIL PRODUCTS CO. 


announces opportunities in 


Opportunity Knocks BASIC RESEARCH 


There is an opportunity in our New 4s 
York office for a young chemica) engi- on combustion, friction, catalysis, reaction 


neer who thinks his real field is in sell- mechanisms, chemical synthesis, nuclear 

ins. We are one of America’s oldest er rr 

and most firmly established manufac- radiation, and composition of petroleum. 

of materials 

and equipment ur products cover a 

wide segment of industry and are ac- APPLIED RESEARCH 

cepted as top everywhere. 

man we want should be in his late rica wax synthe 

twenties or early thirties. We would be on fuels, lubi nts, es, tie 

happy if he has had selling experience rubbers, plastics, and detergents. 

ea ty meet and discuss products 

with technical and purchasing person- 

nel. It's an attractive job right now— RESEARCH & DEVELOPMENT 


will be more attractive as the years go by. ° 
Please tell us all about yourself in a of new and improved petroleum 


letter. and ica I 
THE U. S. STONEWARE CoO. petrochem: 
60 East 42nd St., manufacturing processes. 
New York 17, N. Y. 


AAT PLANNING & DESIGN ENGINEERING 


CHEMICAL ENGINEER—B.S.Ch.E. 1955. Age of petroleum and petrochemical 
26. family. Five years’ diversified experi- . 
ence inorganic and petrochemicals includ- manufacturing processes. 
ing development, plant start-up, and 
production assistance. Desire challenging 
position in process development or design. 
Box 34-7 


BOXED-IN—Sales management, B.Ch.E., 1950. The above areas are just a few of the many at 
Age 31. Ten years’ experience, new products 
development/market evaluation, terecasting, Esso Research & Engineering which offer challenging 
International Division. Direct sales, market careers in scientific/technical specialization or in 


research, licensing of a responsible ad inistrative ‘ You will be ist lin 


plication product “know-how.” WN 
SS SSeS Se reaching your professional goal by new and modern 


CHE GINEER—BS.ChE.. 1956. . be 
Pour process engineering equipment, excellent library facilities, and guidance and 
t t t te - 
essing. Desire process _gnaineerine . plant counsel from top industry and academic leaders. You will 
art-u Ww rtu vance into 2 
be well rewarded in direct remuneration, be eligible for 
good opportunity. Desired salary. $8,500. many profitable benefit plans, and live in an area that 


Box 36-7. 
8.S.Ch.E.—Age 25. family Experience in offers ¢ mple fulfillment of the bros cul 
economic process evaluation and control. recreational interests. 
organic and inorganic development, la! 
studies. Desire position in technical services 
or production supervision. Box 37-7 
CHEMICAL ENGINEER—25, BS.ChE. Two If you possess a BS, MS or PhD degree attained with 
years’ experience as junior project engineer 
and maintenance supervisor in distillers high scholastic ranking and have demonstrated that you 
sire process engineering position with swt i i ; i 
production possess a measure of creativity and ingenuity, we invite 
supervision. relocate internationally. j ; i iti 
mgt wy you to investiga te further these challenging posi tions. 
ACADEMIC POSITION—Chemical engineer. Address your inquiry, which will be treated in fullest - 
Ph.D., industrial experience desirable. For confidence, to Mr. ardei, Employee Relations — 
teaching and research. Rank depends upon to -C.D.G pl 
qualifications. Modern facilities. Accredited 
department. Consulting opportunities. At- 
tractive working, living, and climatic condi- 


cent | ESSO RESEARCH & ENGINEERING CO. 


teen years’ petroleum experience—research, 
operations supervision, management. Broad 
experience plant start-up and organization. 

Four years’ electronics background Seek [ Chief Technical Affiliate of Standard Oil Company (N. J.) 
challenging position refining, petrochemicals. 


chemicals. Desire mild climate. Box 42-7. - P.O. Box 175, Linden, New Jersey 


CHEMICAL ENGINEER—B.S., age 38. Fifteen 
years’ in mwvilti-unit chemical plant. Pres- 
ently department head. Diversified experi- 
ence includes charge of all process engi- 
neering. production supervision and produc- 
tion cost controls. Seek growth position 
= small to di size y. Box 


(continued on page 170) 
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THE 


CHEMICAL COMPANY 


Western Division 


Expanding manufacturing operations have created a need 
for additional personnel in our Engineering and Production 


Departments at Pittsburg, California, Engineerin 


design, 


project management and construction supervision for Dow's 
plants in California and Washington are handled from this 
location, just 45 miles northeast of San Francisco. Our engi- 
neering staff (approximately 30), is amplified by the efforts 
of consulting engineering firms. 


Senior design engineer: B.S. or M.S. in mechanical engi- 
neering. 6-12 years experience in engineering design, 
preferably in the chemical process or petroleum refining 
industry. Skills in machine design, materials handling, 
and process plant equipment and piping layout are par- 
pm needed. Project management experience is de- 
sirable. 


Design engineer: B.S. or M.S. in mechanical ea 
0-5 years experience in engineering design, preferably 
in the chemical process or petroleum refining industry 
Interest in fluid flow, gas compression, heat transfer, 
machine design problems associated with process plant 


design. 


Process engineer: B.S., M.S., or Ph.D. in chemical engi- 
neering. 0-5 years experience in chemical | 
design and development work. Some research backgroun 
desirable. Interest in equipment design and engineering 
of processes from laboratory and pilot plant 
ata. 


Process control engineer: B.S. or M.S. in electrical, me- 
chanical or chemical engineering. 2-5 years experience 
in design of process control systems and selection of 
control et pone ng Ability to learn systems analysis tech- 
niques and apply them to operating plant control prob- 
lems. Career interest in process control and systems 
analysis work. 


Production Supervisor trainee: Recent graduates in chemi- 
cal engineering, B.S. or M.S. to be trained for assistant 
plant superintendents. 


Write to: 


July 


Harry W. Osborne 
Industrial Relations Department 
THE DOW CHEMICAL COMPANY 


P. O. Box 351 
Pittsburg, California 


1960 
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Chemists 


Chemical Engineers 
Chemical Superintendents 
Mechanical Engineers 


Plastics and resins manufactur- 
ing plant has a number of 
opportunities in production and 
process engineering, project en- 
gineering, and production super- 
vision. These openings are in 
an expanding organization pro- 
ducing molding compounds and 
phenolic, polyester and coating 
resins. 

We have outstanding opportuni- 
ties for men with technical de- 
grees and two or more years of 
experience in plastics, chemical 
or other process industry. Sub- 
mit resume and salary require- 
ments to 


Personnel Supervisor 


ALLIED CHEMICAL CORP. 


2112 Sylvan Ave. 
Toledo, Ohio 


PROCESS 
ENGINEERS 


Engineering Contractor needs Chem- 
ical Engineers with background in 
unit operations and practical proc- 
ess design and evaluation in the 
following categories: low tempera- 
ture processes, gas treating, natural 
gasoline plant design. Personal in- 
terviews arranged for qualified ap- 
Plicarnts. 


Send complete resume to > 
R. W. Eaton, Manager of Personne! 


4. F. PRITCHARD AND COMPANY 


4625 Roanoke Parkway 
Kansas City 12, Missouri t 


Award-winning agency 
for chemical engineers in 
@ R&D @ DESIGN @ PILOT 
@ PRODUCTION 
FREE! Ask for “Chem Engr Career ° 
For confidential ACTION write or phone! 
Digby 9-3800 


PERSONNEL AGENCY, inc. 
180 BROADWAY NEW YORK 38, N.Y. 
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New York 
8 West 40th St. 


These items cre listings of the Engineering 
Societies Personne! Service, Inc. This Service, 
which cooperates with the national societies of 
Chemical, Civil, Electrical, Mechanical, Mining, 
Metolivrgical and Petroleum Engineers, is avail- 
able te all engineers, members and non-mem- 


place of residence, with the understanding that 
shovid you secure o position as o result of 


A weekly bulletin of 


engineering 
tion rate of $3.50 per quarter or $12 per 


Chicago 
29 East Madison St. 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE, 


INC. 
(Agency 
San Francisco 


57 Post St. 


these listings you will pay the regular employ- 
ment fee of 60% of the first month's salary if 


open is available at a subscrip- 
annum for members, $4.50 per 


quarter er 694 por ter poyubte te edvanee. 


Positions Available 
New York Office 


PROJECT ENGINEER, graduate chemical. 
with 5 to 10 years’ as project engineer or 
assistant project engineer in the petroleum or 
petro-chemical field. Will be responsible for 
the engineering and administrative aspects 
of a project from inception to completion. 
Salary commensurate with experience, Loca- 
tion, New York N. Y. W-9195. 


ENGINEERS. (a) Shift Supervisors, 3 for 
departments involved in the pr of 


as one year followed by one or two years’ 
experience in a plant before any specific 
assignment of responsibility. Salary open 
Locations: Under-developed parts of some of 
the South America countries. F-9086. 


WIRE AND CABLE ENGINEER, chemical, 
electrical or mechanical engineering degree. 
with actual experience in process and product 
engineering techniques of plastic wire and 
cable manufacturing. Duties will consist of a 
variety of trouble shooting process methods 
and product engineering. Knowledge of cable 
design and wire specifications helpful but not 
necessary Salary, to start, about $9000 a year 


styrene, nylon and their derivatives. College 
sraduates with chemical experience wil] be 
considered although engineering graduates pre- 
ferred. (b) Chemical Engineers and Chemists 
with special experience in research and/or 
production know-how in styrene or nylon and 
their derivatives. Salary, to $13,000 a year (c) 
Chemical Engineer, experienced, for plant 
engineering. Will assist in the design of equip- 
ment and piping for chemical process, Will 
also handle the administrative routine of the 
maintenance department. Salary, to $11,500 a 
year. Location, New England. W-9174. 


CHEMICAL ENGINEER, craduate. preferably 
with knowledge of basic steam power plant 
design and experience in water chemistry, for 
work associated with testing of nuclear power 
plants. Must be U. 8. citizens. Location, New 
England. W-9132(b) 


SALES ENGINEER, chemical engineering 
sraduate, with 8 to 10 years’ background and 
experience in process and plant design for 
ammonia, acetylene, sulfuric acid. nitric acid 
and heavy chemicals, to secure opportunity to 
bid on new plants and plant expansions in- 
volving engineering design and construction. 
Will assist in preparation of preliminary esti- 
mates; discuss engineering and design prob- 
lems with clients. Analyze data for develop- 
ment of new design of process as to possible 
adaptation and offer to new business areas. 
Salary, to $12,000 a year. Company pays 
placement fee. Location, New York, N. Y¥ 
Ww-9113. 


CHEMICAL PROCESS IMPROVEMENT EN- 
GINEER, gradute chemical or mechanical, with 
10 years’ experience in process improvement 
in multi-chemical plant operations. Salary, 
$10,000-$13,000 a year. Location, New York, 
N. W-9105. 


CHEMICAL ENGINEERS. (a) Chemica] En- 
gineers, graduates, with at least 2 years’ ex- 
perience in industry; food manufacturing 
experience preferrable but not necessary. Pre- 
ference will be given to applicants who have 
some connection or living experience in Latin 
America. Should be willing to spend up to 
one year learning business. Must speak fluent 
Spanish or Portuguese as well as English. 
Salary open. (b) Chemical Engineers, Trainees, 
graduates, willing to work out of U. 8S. No 
previous experience in industry required. 
Fluent Spanish or Portuguese as well as Eng- 
lish. Should be willing to train for as much 


upon experience. Location, Con- 
necticut. W-9084(b). 


CHEMICAL PROCESS ENGINEER, graduate, 
with 10 years’ experience in the chemistry 
of plastic compounds. Will assist in design of 
extruding equipment and wil) take compounds 
to various plants and supervise the extrusion 
Some travel. Salary open. Location, New York, 
N. ¥. W-9071 


ASSISTANT SUPERVISOR for material con- 
trol laboratory, young, graduate chemical. 
metallurgice] or mechanical, with background 
in metallurgy. Laboratory does mechanical 
testing and chemical analysis of raw ma- 
terials. Salary, about $7020 a year. Loca- 
tion, Connecticut. W-9044 


RECENT GRADUATE CHEMICAL ENGI- 
NEER interested in technical sales for paper 
manufacture and converting. Salary, to $6000 
@ year. Location. New York, N. Y¥Y. W-9041. 


RESEARCH AND DEVELOPMENT ENGI- 
NEER, graduate chemical or mechanical ex- 
perienced in plastersols and their application 
to fabrics. Thorough knowledge of equipment 
used and operational processes required 
Salary, $10,000-$12,000 a year. Location, South 
Carolina. W-9040. 


CHEMICAL ENGINEER, graduate, with 2 to 
3 years’ experience in industrial waste dis- 
posal. Salary open. Location, eastern Penna 
W-9026(b). 


RECENT GRADUATE CHEMICAL ENGI- 
NEER interested in process engineering in 
petroleum to train in the design of units in 
oil refining. economic studies, additions, etc. 
Will be trained for 12 months prior to over- 
seas assignment. Salary, $6600 a year plus or 
minus. Location, New York. N. Y. W-9022. 


SALES ENGINEER, chemical or mechanical! 
engineering graduate, with at least 3 years’ 
field sales experience calling on process and 
food industries to sell pressure filters. Con- 
siderable travel. Territory, Eastern States. 
Headquarters, New York, N. Y. Salary, $8,000. 
$12,000 a year plus bonus and expenses. 
W-9007. 


SALES ENGINEER, gcraduate chemical, to 
40. experienced in engineering sales of bic 
expensive capital equipment to the chemical 
process industries, to assist the genera) sales 
manager in supervising and servicing a nation- 
wide network of sales representatives. Loca- 
tion, central N. J. W-8784. 


CHEMICAL ENGINEERS. (2) Chemical Engi- 
neer, graduate with at least 5 years’ experi- 
ence in pilot plant develoment and process de- 
sign. Should be strong in the understanding 
and use of engineering fundamentals while 
showing successful record of experimental 


and/or development work Salary, $7500- 
$10,000 a year. (b) Chemical Engineer, eradu- 
ate, with 3 to 8 years’ experience in process 
and economic evaluation, with strong back- 
ground in thermodynamics, heat and mass 
transfer and unit operations. Salary, $7,000- 
$10,000 a year. (c) Junior Chemical Engineer 
graduate, for design and pilot plant opera- 
tions. Salary, $6000-$7500 a year. Location 
New Jersey Metropolitan area. W-8758. 


MAINTENANCE ENGINEERS with 2 to 5 
years’ experience in chemical industry for 
assignments in maintenance and engineering 
departments of major petrochemical plant. 
Location, Illinois. W-8740(b). 


DESIGN ENGINEER, Chemical, graduate, 
with graduate studies desired, with about 10 
years’ experience in design, factory operations 
and development of chemical operations, pre- 
ferably in pharmaceutical or synthetic organic 
fields. Solvent recovery operations and in- 
strumentation. Salary, to start, $8160 a year. 
Location, central New Jersey. W-8726(b). 

Proposal Engineer, chemical graduate, with 
considerable project engineering and chemical 
plant construction experience covering analy- 
sis, estimates, specifications and preparation 
of reports, quotations and contracts. Salary, 
year. Location, New York, 

Y. W-8723(a) 


SALES ENGINEER, chemical engineer or 
chemist, for textile and chemical sales. Must 
have unusually good background in sales with 
strong achievement record; 5 to 15 years’ 
experience. Salary. about $10,000 a year 
Location, central New Jersey. W-8721. 


PROJECT ENGINEER, graduate chemical. 
with strong mechanical aptitude, with 3 to 8 
years process development experience in high 
temperature insulation. Will be responsible for 
project from bench to pilot plant production. 
Salary open. Location, central New Jersey 
W-8697(a). 


BUYER, young, chemical engineer or chem- 
ist. with a minimum of 2 years’ experience 
purchasing chemical raw materials. Salary. 
$6500-$8400 a year. Location, New York, N. Y. 
W-8685 


CHIEF ENGINEER, graduate chemical, me- 
chanical or electrical, with Master's in in- 
strumentation and contro) desirable; experi- 
ence in systems engineering in instrumenta- 
tion manufacturing, application engineering, 
sales management and supervisory background 
desirabie. Will design and apply instrumenta- 
tion systems for power and process applica- 
tions; act as liason agent with companies 
manufacturing systems; supervise estimating 
and service department, etc. Salary $10,000 
@ year plus profit participation. Location, 
New York, N. Y. W-8656. 


DEVELOPMENT ENGINEERS, creative chem- 
ical engineers, with 3 to 10 years’ experience 
in continuous processing. Experience with 
small scale setup with emphasis on data- 
taking would be helpful. Experience in taking 
laboratory processes through pilot plant into 
a large scale continuous operation most de- 
sirable. Experience in fiuids handling and 
solids handling helpful. Polymer background 
preferred. Should be familiar with instru- 
mentation and adaptable to process variations. 
Salaries open. Location, Midwest. W-8650. 


TEST ENGINEERS, degree in chemical en- 
gineering, plus up to 3 years’ experience, to 
analyze, set up and supervise the conducting 
of tests for customers or for development 
work on any equipment and make design or 
process recommendations resulting therefrom 
Conduct tests in the field, handle internal 
inquiries on test applications, maintain close 
cooperation with sales and applications en- 
gineering departments. Apply by letter includ- 
ing complete resume and salary requirements. 
Location, upstate New York. W-8644. 


TECHNICAL WRITERS, craduate chemical, 
mechanical or electrical engineers, with some 
administrative ability or interest in writing 
Should have worked on editoral staff or with 
consulting firms writing proposals or having 
done some technical writing. Will consider 
young engineers who have worked on college 
year book or newspaper. Salaries open. Loca- 
tion, Tilinois. W-8611. 


CHEMICAL ENGINEERS, B.S. or MS., with 
up to 5 or 8 years’ experience in the petro- 
chemical industry. primarily in the area of 
process engineering and design. One or two 
openings at the Ph.D. level with none to 3 
years experience. Excellent opportunities. 
Salaries open. Location, Penna. W-8562(b) 
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" @ non-member, or 50% if o member. Also, that 
2 you will agree te sign our placement fee agree- 
; ment which will be mailed to you immediately, 
by ovr office, after receiving your application. 
en bers, and is operated on a nonprofit basis. if in sending applications be sure to list the key 
i you ore interested in any of these listings, and and job number. 
Gre not registered, you may apply by letter or When meoking opplication for a position in- 
“ae f resume ond mail to the office nearest your clude eight cents in stomps for forwarding 
when possible. 


A FUTURE 
IN TECHNICAL SALES 


With a well established company, 
growing rapidly and soundly in 
broadly diversified fields in organic 
chemicals. 


The men we need at Rohm & Haas 
should have a degree in Chemistry or 
Chemical Engineering with at least 
one year of industrial experience, 
preferably in technical sales. They 
wil members of a technically 
trained organization, making contacts 
at the industrial level with a con- 
tinual opportunity to use their chemi- 
cal training. 

There is an interesting and thorough 
training »veriod in our Philadelphia 
area plants and laboratories before a 
field assignment. Liberal fringe bene- 
fit program tops off an unusual com- 
bination of job opportunity and se- 
curity for the right men. 

Please send a complete resume in 
your first letter to: 


C. S. BETTS 


Pacts 


Rohm & Hoos Company 
1700 Walnut Street 
Philadelphia 3, Pa. 


CHEMICAL 
ENGINEER 


B.S. in Ch. E. or M.E. with 2 to 5 
years experience. Design and de- 
velopmert of chemical processes and 
equipment, including layout, specifi- 
cations, preparation of drawings, 
some field work and plant start-up. 
Work in engineering office of chem- 
ical y located in Adirondack 
Region of New York State where 
living conditions and natural recre- | 
ational facilities are ideal 
Send resume in confidence to: | 


PERSONNEL DEPT. 


IMPERIAL COLOR CHEMICAL 
& PAPER DEPARTMENT 


HERCULES POWDER CO. 
GLENS FALLS, NEW YORK 


CHEMICAL ENGINEER |! 


Stauffer Chemical Company has 
current openings for two Process 
Engineers, fairly recent grad- 
uates, at its Henderson, Nevada 
facility, located 
eleven miles from s Vegas. 
Must have degree from accred- 
ited college and good academic 
record. 


Write Mr. P. C. Jenican 
Stauffer Chemical Company 


824 Wilshire Boulevard 
Los Angeles 17, California 


Department of Chemical Engineering 
UNIVERSITY OF SGRITISH COLUHBIA 
Vancouver, 8. C., Canada 

Applications are invited for the position of 
Assistant Professor in the Department of 
Chemical Engineering. Salary $7,000 (calendar 
year). This position carries genera] chemical 
engineering teaching responsibilities at under- 
graduate and graduate levels and opportunities 
for research. An interest in thermodynamics 
would be desirable. Applications to be sub- 
mitted to the Head of the above Department 
by 31st July, 1960. 


168 July 1960 


WANTED: Chemical En- 
gineers for process appli- 
cation and sales of centrif- 
ugal solvent extractors in 
U. S. and abroad. Excel- 
lent opportunity for high- 
caliber, ambitious individ- 
uals only. Podbielniak, Inc., 
341 E. Ohio St., Chicago 11, 
Illinois. 


RESEARCH 


ENGINEER 


PhD or MS in ME, ChE, or CE. 
Expanding technical development 
organization offers unusual op- 
portunities for person with pri- 
mary interests in fluid mechanics, 
non-Newtonian flow, multiphase 
flow. Send detailed confidential 


1 resume to: 
| SHELL PIPE LINE CORP. 
j P. O. BOX 2648 HOUSTON 1, TEXAS 


SITUATIONS OPEN continued on page 170 


-Classified... 
EQUIPMENT SECTION 


ST. 8-4672 


INTERESTING EQUIPMENT 
AVAILABLE AT ‘2 PRICE 


Louisville Steam Tube Dryer. 

Monel Contacts; 52” x 34’. 

2 Monel Jktd Agtd. Reactors. 

2800 Gal.; 6°8” x 13’. 

14 8/8 700 Gal. Pressure Tanks. 

Struthers Wells S/S Drum Dryers. 

5’ x 4° and 5’ x 10’ complete. 

9 Devine Vacuum Chamber Dryers from 
Lab. size to No. 36 Dbl. Door. 

Nickel Clad Reactor; 7° x 11°6”. 


Send for Latest “First Facts" 
FIRST MACHINERY CORP. 
209-289 Tenth Street 
Brooklyn 15, N. Y. 


IN STOCK 


1—Struthers-Wells 3500 gal. T316 SS jktd. 
reactor, 40/20 HP agit. 

1—17,650 gal. T316 SS horis. tank. 

3—Sharples C-20 Super-D-Hydrators, T316 


88. 
30—Sharples #AS-16V Incona! Centrifugals. 

1—Allis-Chal. 7’ x 50’ rotary dryer, %”. 

1—Buflovak 42” x 120” double drum dryer, 
ASME 125% drums—atm. 

1—Niagara #510-28, T316 SS filter. 

1—Oliver 5’ 3” x 8’ precoat rotary vacu- 
um filter, UNUSED. 

1—Buflovak 5’ x 12° single drum vacuum 
dryer—UNUSED. 

1—Struthers-Wells 630 sq. ft. T316 8S 
single-effect evap. 

1—1960 sq. ft. T316 SS exchanger. 


PERRY cor 


1427 N. Sixth St., Phila. 22, Pa.| 
POplar 3-3505 


FOR SALE 
Unused Equipment 


EVAPORATORS—(single or quintuple 
effect) Two each 1,070 ft. Three each 
2,738 ft. or total of 10,354 sq. ft. tube 
area for the quintuple effect. 

3 HEAT EXCHANGERS—392 {t. each. 
2 CENTRIFUGAL PUMPS—Goulds 5,400 
GPM, 12 ft. head, 18” suction, 16” 
discharge. 

250 VALVES—Heavy duty flange type, 
125 WSP-200 OWG, Walworth, crane, 
Lukenheimer, etc., Gate, Globe, regulat- 
ing, mixing and check valves. Sizes 1” 


to 12”. 
Write for details. 
HAYMANS MFG. & SALES CO. 


5402 LaRoche Avenue 
Savannah, Georgia 
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FO2 SALE: Tablet Machines 
1—RD-3 Stokes Rotary, 1—DD-2 Stokes 
Rotary, 1--RwJD Stokes Rotary, 1— 
FP Stokes Single. 1 — #4 Colton Single, 
1—23-B Colton Single, 1—#3-DT Colton 
2—10-35 Colton Rotary, 1—#60 

ux. 


P. E. ALBERT & SON 
21 Nottingham Way Trenton, N. J. 


| | | 
| | 
| ! 
| | 
| 
hers 
USED 
MACHINERY 
SURPLUS 
EQUIPMENT, 
MATERIALS 
* Get in touch with pies 
Advertisers directly. 
j * Advertisers: Ask for special rate 
for space in this Department 
25 West 45 Street 
New York 36, New York 


YOU'RE RIDIN’ HIGH 
When You Buy 


GELB 


CHEMICAL PROCESS 
EQUIPMENT 


1—18,000 gal. type 316 SS pressure tank, 60 psi 

1—Struthers Wells type 347 SS pressure vessel, 400 gal., com- 
plete with coils, turbine agitators and drives. 

1—Allis Chalmers SS rotary dryer, 6’ x 50’ complete with 
drive, motor, etc. 

3—Struthers Wells type 316 SS jacketed reactors, 2000 gol. 

with agitators and drives, 40# internal pressure 


AUTOCLAVES, KETTLES AND REACTORS 


i—Type 316 SS 2000 gal. horizontal tank 
1000 gal. storage tanks 
|—Pfaudier jacketed with impeller type 


agitato internal, 78 
250" gal. ‘complete with SS colume end 


1—Van Alst 250 
2-500 SS kettles, 1002 W. P. jacket 
Struthers Wells type 316 ss jacketed ‘reactors, 2000 gal., complete with 
itators and drives, 40% internal pressure 
Pleudier 200 gal. glass lined jacketed reactors, complete with anchor 
pe agitators and drives 
i—Ptaudier 100 gal. glass lined jacketed reactor, complete with anchor 
type agitator and drive 
i—Pfaudier 100 glass lined vacuum receiver 
2—Blaw Knox S$ gel. vacuum receivers, 29" 
I—Steel and. Alloy Tank Co. 100 gal. type 347 SS pressure tank, 250 psi 


Wells 347 SS pressure vessel 300 gal.. complete with 
agitator and drive 


Knox 400 gal. steel jacketed autociave, internal pressure. 


1—18,000 gal. 316 SS pressure tank, x24", 60 psi 
i—Blaw Knox jacketed autoclave, 

i—Patterson Kelley. gal. stee 

2—Steel jecketed reactors 2500 gal. 

gal. aluminum store 

tanks, | 


DRYERS 


3—Link Belt steel! rotor louvre dryers, Model 310-16, 604-20 

I—Stokes Mode! 59DS stee! rotary vacuum dryer, sw 

2—Louisville rotary dryers, 8 x 50’, SS, complete 

1—Allis Chalmers SS rotary drye-, 6’ x 50°, com with drive, motor, etc. 

i—Buflovak SS jacketed rotary vacuum dryer 

i—Stokes SS jacketed rotery vacuum om. 

i—Traylor x 155° rotary kiln, 2 tires, shell, complete with 
drive and motor 

i—Louisville rotary steam tube dryer, x 

i—Rotary dryer 7 x 60°, 2 tires, 2" |, complete with drive, motor 
and ell auxiliary equipment 


i—Rotary dryer 6° x 64°, 2 tires, 2" shell, complete with drive, motor 
and all auxiliary vipment 

i—Rotary dryer 6 «x , 2 tires, 2" shell, complete with drive, motor 
and all auxiliary equ 


i 
1—Rotary dryer 6’ x 50’, tines, 2" shell, complete with drive, motor and 
ali auxiliary equipment 
lary dryer 6° x 35’, 2 tires, /)" shell, complete with drive, motor and 
all auxiliary equipment 
jary dryer 4 x 20°, 2 tires, '/:" shell, complete with drive, motor and 
al auxiliary e uipment 
3—Buflovak stee! jacketed dryers, x S x 20°, S' x 35° 
i—Traylor x @ rotary drye 
i—Rotary dryer 6 
4—Stokes Model 138J-20 single door vacuum shelf dryers, 20 shelves, 


te 
1—Weskern Precipitation Corp. SS pilot spray dryer, Type N-2 


FILTERS 


3—Dorrco rubber covered filters, 6° x 2° 
12—Sweetiand #12 filters with 
i—Niagara SS filter, Model 510-28 


THE GELB GIRL—JULY 1960 


1—Oliver SS rotary pressure precoat filter, 5°3" «x 
i—Oliver horizontal filter, 3° 

10—Shriver plate and frame filter « 42" 
i—Shriver aluminum 30° x 30" P& 30 chambers 


|—Sperry aluminum filter press, io sit 16 chambers 

CENTRIFUGES 

i—AT&aM 48" qagended type complete with plow, motor and 
impertorated basket 


i—Fletcher 48° SS center slung centrifuge, complete with perforated 
basket and motor 

4—Tolhurst 40" center slung rubber covered centrifuges with perforate 
baskets and motors 

a - 40" center slung rubber covered centrifuges with perforated 


1—AT&M 40” SS sposaded Gee centrifuge, complete with motor and plow 
with perforate besket « 
i—Western States vaportite type 3/6 SS driven centrifuge with 36" 


perterate basket, with un and motor, bottom discharge 
MIXERS 
1S—Robinson type 304 SS horizontal blenders, 255 cu. ft. 


i—tHowes horizontal rubber covered ribbon biender, @ cu. ft. 

2—Sturtevant #7 dustite rotary batch pe Bw } 

i—Baker Perkins Size 16 Type TRM, 150 gal. double arm sigme 
blede mixer with vecuum cover 

|—Baker Perkins Size 146, Type UUEM, 150 gal. jecketed double arm dis- 

rsion type mixer, complete with compression cover and 100 HP motor 

' ker Perkins Size 20, 2000 gal. double arm jacketed vacuum mixer with 
double naben biacies 

|—Entoleter impact mill type PPM-27 


|—Stokes SS granulating mixer, Mode! 
3—Banbury #! plated rotors, 50 HP motors 


MISCELLANEOUS 


1—York Shipley 175 HP package 1352 psi 
1—Vulcan SS Bubble cap column, 4° « 

type 316 SS bubble cao column, with I! trays 
i—Baedger type 316 SS bebble cap column, 346" dia. with 8 trays 
\—Struthers Wells type 316 SS heat exchanger, 330 

Service type 316 SS heat exchanger, 


sa. ft. 
316 SS exchanger, 500 sq. ft. and 600 sq. ff. 
Re mg ing SS heat exchangers, 145 sq. ft. (NEW) 


2—Sturtevant #7 SS dust type rotary batch blenders, new 

4—Tolhurst 40” center slung rubber covered centrifuges with 
perforated baskets and 

1—Buflovak 32” x 90” chrome plated double d:um dryer, 
complete 

15—Davis Engr. SS heat exchangers, 145 sq. ft. inew) 


LB.. 
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SITUATIONS OPEN 
(continued from page 168) 


To your FUTURE 
at 


NATIONAL ANILINE DIVISION 
Allied Chemical Corporation 


If you have the following qualifications: 
CHEMICAL ENGINEERS, degree, plus experience in 


process and plant design, or construction. 


ELECTRICAL ENGINEERS, degree, plus 3 to 5 years 
experience in construction, preferably in chemical or similar plants. 


FIBER ENGINEERS, degree, plus experience in design of 
synthetic fiber manufacturing plants. 


INSTRUMENT ENGINEER, degree, plus experience in 
design of process control instrumentation for chemical plants. 


MECHANICAL ENGINEERS, degree, plus experience, 
preferably in chemical plant construction or design. 


Positi ore liable ino multt-plant Contra! Engineering Department located 
in Buffolo, New York, or on new 9 at Chesterfield, 
Virginia, or Moundsville, West Virginia. 


Positions offer interesting, challenging assignments, 
good saiary, liberal benefits program, in a growing 
division of a growing corporation. 


Plase send your resume in complete confidence to lied 
M. W. MEAD hemical 


Engineering Recruitment 


BASIC TO 


NATIONAL ANILINE DIVISION = america's procress 
P. O. Box 975, Buffalo 5, New York 


NON-MEMBERS 


MECHANICAL AND CIVIL ENGINEER—M5. 
in C. E. Age 39. Desire responsible position 
in design engineering. Fourteen years’ ex- 
perience, including eight years’ with chemi- 
cal processing industry. Present salary 


$10,800. Box 39-7 


CHEMICAL ENGINEER—B Sc. Ch.E. (London). 
British, 26, three years’ experience process 
engineering design and development with 
international oil company, emigrating to 
U.S.A. Sept. 1960. Seek permanent position 
in engineering or research and development 
organization on West Coast or in No 
west area. Chemicals or oil. Box 40-7. 


PROCESS 
ENGINEERS 


Challenging positions open on 
various levels for the design of 
petroleum, petro-chemical and 
chemical plants as well as de- 
= velopment work. All inquiries 
held in the strictest confidence. 


HYDROCARBON 
RESEARCH, INC. 


115 BROADWAY, N. Y. 6, N. Y. 


PREFER CHEMICAL ENGINEERING 
BACKGROUND WITH SEVERAL 
YEAR'S EXPERIENCE MAJOR OIL OR 
| CHEMICAL COMPANY AND/OR MA- 
} JOR ENGINEER-CONTRACTOR SERV- 
ING THESE INDUSTRIES. ESSENTIAL 
PAMILIARITY WITH MANAGEMENT 
PERSONNEL IN SUCH INDUSTRIES. 
POSITION INVOLVES DEVELOPMENT 
OF NEW BUSINESS IN FIELD OF 
DIGITAL COMPUTER CONTROL OF 
PROCESSES UTILIZING ADVANCED 
TECHNIQUES A.jD EQUIPMENT. 


BOX 1-7 


PROCESS ENGINEER—Process design, eco- 
nomic evaluations, and engineering studies; 
Pilot plant and plant development experi- 
ence. Specific experience in superphosphate, 
vegetable oils, uranium, and _ cellulosics, 
M.S. in Ch.E., age 41, married. Box 44-7 


SALES ENGINEER—B.S.Ch.E. with additional 
business studies. Ten years’ extensive ex- 
perience sale and application automatic con- 
trol equipment for process industries. Desire 
Promising sales or sales-application oppor- 
tunity with medium to small company. 


A.l.Ch.E. Members 
(continued from page 165) 


SITUATIONS WANTED | 


SECTION HEAD, MANAGER, SUPERVISOR— 
Requiring chemical engineering experience Box 45-7 
in fundamental research. statistical meth- 
ods, product process, production and pilot CHEMICAL ENGINEER—B.S.ChE., P.E., age 

plant devel oriented. | 32, family. Eleven years’ experience in 


Extensive orem organic and polymer petrochemicals production supervision and 
background. B.Ch.E., P.E., age 34, present process development. Strong cn instrumen- 
income $9.600. Give elaborate position de- Prefer 
scription in reply to Box 46-7. : 


tation and mechanical aptitude. 
western location. Box 47-7. 


CLASSIFIED SECTION RATES 


Advertisements in the Classified Section are 
payable in advance at 24c a word, with a 
minimum of four lines accepted. Box num- 
ber counts as two words. Advertisements 
average about six words a line. Members of 
the American institute of Ch i € 

in good standing are allowed two io-tine 
Situation Wanted insertions (about 36 words 
each), free of charge a year. Members may 
enter more than two insertions at half rates. 
Prospective employers and employees in using 
the Classified Section generally agree that all 
communications should be acknowledged as 
& matter of courtesy but recognize circum- 
stances where secrecy must be maintained. 
Answers to advertisements should be addressed 
to the box number Classified Section, 
Chemical Engineering Progress. 25 West 
45th Street. New York 36, N. Y. Telephone 
COlumbus 5-7330. Space reservations for dis- 
Play advertising in this section should be 
made by the 15th of the month preceding 
publication and copy will be accepted through 
the twenty second. 


Reprints Available : 
DIMENSIONLESS NUMBERS 


Pages 55-64, September CEP 


Members and Nonmembers 
19 copies $.50 each 
10-99 copies 40 ” 

100-999 copies 25 ” 

1000 copies 


Student Chapters and Colleges 


1-9 copies $.25 each 
10-99 copies .20 ” 
100-999 copies 15 ” 

1000 copies 13 ” 
Add 3% Sales Tax for de- 
livery in New York City. 


Order from Publications Dept. 
American Institute of 
Chemical Engineers 

25 West 45th Street 

New York 36, N. Y. 
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Dallas 18—Richard E. Hoierman, Dist. 
by oe 9006 Capri Drive, Diamond 

Birmingham 9, Ala.—Fred W. Smith, 
Dist. Mgr., 1201 Forest View Lane, 
Vesthaven. TRemont 1-5762. 


For more information, circle No. 38 


“SCOT” FORGED 


MINIMUM 


HARONESS 
Ask for “SCOT” Gaskets 


GASKETS 
at your Supply Store. 


For ring Groove Flanges forged 
from reforging billets in the follow- 
ing materials in stock: Soft Iron, 
Copper, Aluminum, Inconel, Monel, 
Nickel; 1/4 Cr Mo., 2%, Cr Mo., 
9 Cr I Mo. 304, 310, 316, 321, 347, 
405, 410, 430, 502, 304L, 316L, 
Nickel L, Kel F, Teflon. 

Machined in all A.P.1.—A.S.A. 
Special sizes and other type, Includ- 
ing BX. 


SOUTHERN CALIFORNIA 


TOOL COMPANY 


8220 Atlantic Boulevard 
P. 0. Box 30, Bell, Califorma 


For more information, Circle No. 60 


You Get Things Done With 
Boardmaster Visual Control 


yy Gives Graphic Picture of Your Operations 
—Spotlighted by Color 

yy Facts at a Glance—Saves Time, Saves 
Money, Prevents Errors 

yy Simple to Operate—Type or Write on 
Cards, Snap in Grooves 

vy Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

vy Made of Metal. Compoct and Attractive. 
Over 500,000 in Use 


Complete price $4950 inciuding cards 

FREE 24-PAGE BOOKLET NO. BE-20 
Without Obligation 

Write for Your Copy Today 


GRAPHIC SYSTEMS 


Yanceyville, North Carolina 
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Purely personal—This spring has 
been full of many pleasant events for 
me in my work with the A.I.Ch.E. As 
I traveled around speaking to the 
Local Sections and Student Chapters, 
I observed a number of interesting de- 
velopments that for one reason or an- 
other I should like to pass along here. 
. . » One of the most unique experi- 
ences was the reception given by 
Ohio State graduates to Joe Koffolt at 
the dedication of the new Chemical 
Engineering Building, which Joe 
described as “the most beautiful build- 
ing in the world.” When Joe was 
introduced, the entire audience, in- 
cluding many of his former students, 
his “jewels,” as he calls them, rose 
and applauded him for a long and 
highly “decibelic” period in tribute 
to him as a teacher and friend. . . . 
During another interesting trip this 
spring, I met the officers and members 
of the Washington, Baltimore, Savan- 
nah River, and Peninsular Florida 
Sections. The amount of work and 
good will evidenced by the chemical 
engineers responsible for the programs 
at these Sections attests to the vitality 
and professional attitude of the chem- 
ical engineers. The Florida group 
“takes over” a motel on Daytona 


Beach for a two-and-a-half-day annu- 
al meeting which wives and children 
enjoy as much as the engineers. . . . 
Had a nice letter recently from R. 
Norris Shreve, a long-time member of 
A.LCh.E. and professor of chemical 
engineering at Purdue University. 
Norris is now director of a contract 
that Purdue has to aid engineering in 
all its phases on the Island of For- 
mosa—the Purdue-Formosa Engineer- 
ing Project—and he says that within 
recent years he has been back and 
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News and Notes 


of A.I.Ch.E. 


forth across the Atlantic or Pacific 
some sixteen times. The most interest- 
ing part of his letter, however, is the 
news that the Norris and Eleanor 
Shreve Fund in the Purdue Research 
Foundation has been set up and that 
the first annual prize for chemical 
eerege was made to Lyle F. Al- 

ight, Professor of Chemical Engi- 
neering at Purdue University. . . . An 
interesting bit of old lore was given me 
by A. M. Taylor, now an emeritus 
member, retired for many years to 
Spartanburg, South Carolina. On his 
recent visit to New York, A.M. and 
I got together and in reminiscing 
about the old days he told how when 
he was on the Admissions Committee 
each member of the committee had 
to buy a round of drinks for the whole 
committee when the number of mem- 
bers in the A.I.Ch.E. reached the year 
of his birth. A. M. remembers buying 
the round when the total membership 
reached 1876. He would have been 
a charter member of the Institute if 
the founding fathers had been able 
to define chemical engineering and 
so had included him among them 
when he was superintendent of one 
of the general chemical plants. . . . 
A less pleasant note about a meeting 
with an old friend is my visit severa 
weeks ago with the Secretary Emer- 
itus, Steve Tyler, at the hospital 
where he was confined after breaking 
his hip. Modern surgery being what it 
is, they have pinned the bone together 
and Steve is now getting around 
very nicely but would, I’m sure, like 
to hear from all his old friends, who 
can send him a note at his home ad- 
dress: 417 Patton Avenue, Bound 
Brook, New Jersey. . . . During the 
spring also I had a visit from Dave 
Boyd. I am sure that all the readers 
of Chemical Engineering Progress will 
remember Dave as the man who, with 
the help of high school students, 
built a computer in his cellar and 
recently got in the newspapers and 
magazines for having entertained a 
number of visiting Russian scientists 
at his “typical American home” (with 
a computer in the cellar). Dave told 
me that the computer now has an 


8,000-word memory, and for readers 
not acquainted with the complexity 
of computers, I might point out that 
the IBM 650 has only a 2,000-word 
memory. Dave was one of the Ameri- 
can representatives to a Control Con- 
ference in Moscow last month. 
Banner membership year—This year 
has all the appearance of being one 
of the best membership years the 
A.L.Ch.E. has had. As of this moment 
we are rolling along at a higher rate 
than ever, thanks to the good work 
of the Membership Committee under 
Irv Leibson and his lieutenants. Those 


EMBERSHIP\ | 


who like to keep up with the mem- 
bership drive will want to know that, 
despite the report in this year's Di- 
rectory Supplement that there was a 
Northern and Southern Division of 
the Membership Committee, actually, 
as Sam West, who is Vice-Chairman 
of the Industrial Section, informs me, 
the Membership Committee is not 
now divided that way, but has in- 
stead an Industrial and an Academic 
Section. 

New Local Section—Recently I had 
the pleasure of informing H. E. Gris- 
wold, former chairman of the club, 
that Council had granted a Local 
Section charter to the Mid-Hudson 
Chemical Engineers’ Club. The sec- 
tion has been operating for well over 
a year as a club; its current officers 
are P. J. Keating, Jr., chairman; W. D. 
Stepanek, vice-chairman; L. E. Ruid- 
isch, secretary; and E. T. Child, treas- 
urer. L. C. Kemp, Jr., is the Section 
Liaison to Council and, the Mid- 
Hudson group being right in his back- 
yard at Beacon, New York, he has a 
paternal interest in it. 

F.J.V.A. 
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, problem of metering highly 
corrosive, toxic, or dangerous 
liquids can frequently be solved 
with a diaphragm type controlled 
volume pump. In this design, the 
plunger displaces a hydraulic fluid, 
which in turn moves the leakproof 
diaphragm to create pumping ac- 
tion through the ball checks. 
Isolating the plunger and drive 
from the process fluid solves the 
corrosion problem, but it intro- 
duces another problem—air bind- 
ing—that must be overcome to 
assure accurate, dependable meter- 
ing. Milton Roy eliminates the air 
binding problem by automatically 
and mechanically venting the 
pump chamber once each stroke. 


Air binding 

The plunger, or hydraulic side of 
the diaphragm is essentially a 
closed system. An air bubble 
caught in this system contracts 
and expands with each stroke, 
destroying accuracy in proportion 
to the change in air bubble size. 
This “air binding” effect can re- 
duce pumping efficiency to the 


This complete kit lets you convert any 
Milton Roy packed plunger MD 
pump to a diaphragm liquid end pump. 


point where pumping actually 
ceases! 

But that can’t happen with a 
Milton Roy pump. For a brief 
period during each cycle, the 


how to meter corrosive liquids 
safely and accurately 


Cross-section of Milton Roy diaphragm pump shows how positive mechanical 
venting compensates for minor variables, eliminates air-binding. 


reservoir ball check opens while 
the plunger reciprocates through a 
fraction of an inch without dia- 
phragm motion. During the suction 
portion of the stroke, hydraulic 
fluid flows into the pump chamber 
to make up any losses. During the 
discharge portion, any excess fluid 
or air present is forced out of the 
system. This positive mechanical 
action not only eliminates air bind- 
ing, but compensates for any 
minor variables which may affect 
pumping accuracy. Milton Roy 
takes the further precaution of 
isolating the hydraulic fluid from 
the drive train. There are no gears, 
worms, or trunnions beating air 
into the fluid. 


Interchangeability 

Any Milton Roy MD pump can be 
equipped with a diaphragm liquid 
end quickly and easily. A kit is 
available with all necessary parts 
and instructions. It’s the ideal way 
to modernize your packed plunger 
pumps to keep pace with changing 
process requirements. Diaphragm 
liquid ends are available in steel, 


316 SS, Milroy* SS, plastic, and 
special sulfuric acid construction. 
Diaphragms are either Teflon 
(standard), or 316 SS for process 
temperatures above 350 F. Com- 
plete pumps or conversion kits 
provide capacities up to 224 gallons 
per hour, pressures to 2,500 psi. 
*Tradename of Milton Roy Co., Phila., Pa. 


If the safe and accurate feed of 
hazardous, corrosive or toxic chem- 
icals is one of your problems, look to 
Milton Roy’s 25 years of experience 
for your most economical solution. 
Write for complete information on 
diaphragm pumps given in Bulletin 
1157-3. Milton Roy Company, 1300 
East Mermaid Lane, Philadelphia 
18, Pennsylvania. 


HEMICAL INSTRUMENTATION SYSTEMS — 


Controlied Volume Pumps + Quantichem Analyzers 
Chemical Feed Systems + pH Instruments 


For more information, turn to Data Service card, circle No. 115 
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The best heat-transfer surface for a 
mixing vessel lies hidden in a jungle 
of variables. 

An equation developed by Mrxco 
helps to guide investigators through 
this thorny thicket. 

This equation correlates heating 
and cooling data for helical coils in a 
baffled mixing vessel with a flat-blade 
turbine. If the thermal characteristics 
of a fluid are known, the heat transfer 
coefficient can be easily caiculated. 

The correlation takes into account 
variable impeller speed, size, power 
input, baffle position, tube diameter, 
and tube etee. It’s applicable to 
any tank size, to fluid viscosities from 
0.4 to 20,000 centipoises, and to a 
Reynolds-number range of 10 to 
1,500,000. 

Among other useful indications, 
this heat-transfer correlation shows 
that you get best values of h with 
impeller flow as large as practicable, 
and with tube diameter small as prac- 
ticable. It helps to settle the problem 
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of where to locate baffles. It throws 
new light on the relative efficiencies 
of helical coils and vertical tubes for 
heating or cooling. 

To pin down accurate values of h in 
this investigation, some elaborate 
methods were employed. Thermo- 
— embedded in the tube wall 
made possible direct measurement of 
temperatures across the fluid film. 
Continuous recording of tempera- 
tures in more than 20 carefully 
selected positions in the tank gave a 
valid calculation of awerage system 
temperatures. Duplicate runs, under 
steady-state and unsteady-state con- 
ditions, produced excellent agree- 
ment in results. 

This is just one example of the 
lengths to which Mixco research is 
- ared to go to help you process 

uids efficiently. If you'd like a reprint 
of a four-page article describing this 
heat-transfer correlation, you can get 
it by writing to our Research Depart- 
ment, 


Typical equipment setup for gathering heat- 
ing and cooling data in coil-equipped vessel. 


MIXING EQUIPMENT Co., Inc., 199-g Mt. Read Blvd., Rochester 3, N. Y. 


‘In Canada: Greey Mixing Equipment, Lid., 100 Miranda Ave., Toronto 19, Ont. 
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